Oceanus. by Woods Hole Oceanographic Institution.
WOODS HOLE OCEANOGRAPHIC INSTITUTION WWW.WHOI.EDU

THROUGH THE LENS
- MIT/WHOI graduate students
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Geodynamics Program, a
semester of weekly seminars by
invited scientists on the cutting
edge of research. This year's
program focused on all things
cryological: ice sheets, glaciers,
sea ice, and subglacial life.
Program sponsors included the
Institution's Academic Programs
Office and the Deep Ocean
Exploration Institute.
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Jason versus the volcano
Through the camera eyes of the undersea vehicle Jason, scientists
were investigating a quietly bubbling pit on the side of a large volcano
on the seafloor south ofJapan in April. Then the volcano erupted.
Jason's cameras captured the pit, 50 feet (15 meters) in diameter,
spewing billowing clouds of gas and spitting rocks and red lava.
A seafloor hydrophone deployed nearby captured the eruption's
throaty roar. It was the closest scientists have ever been to an erupt-
ing submarine volcano and the first time they had made concurrent
visual and audio observations of a deep-sea volcano in action.
"There were some scary moments," said Will Sellers ofWoods
Hole Oceanographic Institution
(WHOI), who guided Jason via a
fiber-optic cable tethered to a re-
search ship 1,800 feet (550 meters)
above. "There was a significant
amount of gas coming up out of the
pit. You could only imagine what
it would have been like at the sur-
face, if it wasn't under that kind of
pressure (from the tons of seawa-
ter above). It would have been huge.
You wouldn't have been able to stand
anywhere near it."
"The common reaction was, 'Are you sure we should be here?'
"
he said. "It's sitting there violently erupting away, and really, you got
the impression that this thing is so unpredictable."
Sellers recalled that several times the vehicle was "chased away"
by enormous white and yellow clouds of gas.
"There were lava bombs as big as your head," he said, describ-
ing globs of semi-molten sulfur. "We came up with several (stuck)
in the frame of the vehicle. Fortunately they cooled enough by the
time they got up to us."
"I don't think any one of us suspected the full magnitude of the
discoveries we were to make," Rob-
ert Embley, chief scientist of the
research cruise, wrote in an online
summary of the spring expedition.
"We really pushed the envelope
of exploration in one of Earth's most
extreme environments," said Embley,
who is a geophysicist with the Na-
- An undersea volcano (above) erupt-
? ed violently as the deep-sea vehicle
Jason (left) explored the seafloor in
the Mariana Arc in April.
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tional Oceanic and Atmospheric Administration's Pacific Marine
Environmental Laboratory. "It is unlikely that a similar eruption on
a volcano above sea level could have been observed and sampled as
thoroughly as we were able to do."
Because they had visited the volcano twice before and because
the gas was venting and not building up pressure, scientists knew
that it was a viable place to safely observe and sample an active sub-
marine volcano, Embley said. Volcanic gases were clearly visible un-
der water in streams ofbubbles and multicolored plumes.
Most of the time, "Jason could hover about 10 teet away and watch
for hours," said Oregon State University geologist Bill Chadwick,
who took part in the expedition. "You could never do that on land."
During one ot tour days spent at the volcano, scientists used
Jason to explore a boiling sultur lake with a temperature measur-
ing 387F (197C). As they maneuvered Jason away from the edge,
the vehicle broke through a wafer-thin crust into a molten pool of
sulfur, dipping Jason's back end inside. The dip caused the 4-ton
vehicle to immediately gain about 80 pounds (36 kilograms) in so-
lidified sulfur that clung to the vehicle's rear like yellow cement.
"We were struggling to fly around because the vehicle had
picked up so much weight," Sellers said. "We did some spins trying
to wash it off. It was kind of wishful thinking, a 'Hail Mary' ma-
neuver, ... but there's no manual for this. So we just kind of made it
up as we went along."
They recovered the vehicle but then faced a new challenge: the
stench of fresh sulfur. Months after the cruise, WHOI engineer
Bob Elder still wrinkles his nose recalling the rotten egg odor that
"made the whole ship smell like a cesspool."
"The smell almost knocked everybody on the deck," Sellers said.
"As you can imagine, it got into Jason's every nook and cranny." El-
der said graduate students, scientists, and members of the Jason
team volunteered to chip and power-wash pounds of the smelly stuff
from the vehicle.
"The eruption certainly was the frosting on the cake tor the
cruise, and one ot the coolest, most dramatic things I've seen on
the bottom of any ocean," said Elder, who has participated in 81 re-
search expeditions in his 19-year career.
Amy E. Nevala
Funding wasprovided by the NOAA Ocean Exploration Program.
A Jason pilot Jim Varnum and other researchers had to clean off smelly,
yellow molten sulfur that solidified onto Jason.
The chicken and the tern
Chickens aren't especially
delicate or demanding. Ask
anyone who keeps them:
Chickens eat almost anything.
Terns, on the other hand,
are quite selective: Winging
their way over the wide sea,
they eat only fish.
So you might think that
chickens would have cast-iron
stomachs capable ot ingest-
ing a variety ot dubious ingre-
dients without harm while
more-discriminating terns
would be far more sensitive to
contaminants in their food.
Yet for one dangerous and
prevalent environmental pol-
lutant, dioxin, the exact oppo-
site is true. Chickens that eat
large amounts of dioxin-con-
taminated food sicken and die.
But terns regularly consume
substantial amounts of dioxin-
tainted fish in their diet with
far fewer ill effects.
The life-or-death dif-
ference between these two
birds comes down to three
tiny amino acids in one 858-
amino-acid-long protein that
both species possess, scientists
reported in the May issue ot
the Proceedings ofthe National
Academy ofSciences.
The protein contains the
binding site for dioxin, and a
difference ofjust two of these
three amino acids apparent-
ly changes the binding site's
shape in terns, so that dioxin
can't fit in well. In chickens,
dioxin fits the protein's shape
like a key in a lock triggering
the toxin's harmful effects.
The finding raises the pos-
sibility of developing a test
that wildlife resource manag-
ers could use to predict the
susceptibility of wild, scarce,
or protected species to envi-
ronmental contaminants, said
Sibel Karchner, a biologist at
Woods Hole Oceanographic
Institution (WHOI) and lead
author of the study.
Dioxins are byproducts of
high-temperature waste incin-
eration and of industrial pro-
cesses to manufacture plastics,
pesticides, and defoliants such
as Agent Orange. They also are
created naturally by volcanism
and forest fires. Ubiquitous
and toxic, they affect virtually
all vertebrates and have been
linked to cancer and reproduc-
tive abnormalities in humans.
Using molecular cloning
techniques, Karchner and col-
leagues Diana Franks and
Mark Hahn ofWHOI and
Sean Kennedy from Envi-
ronment Canada, National
Wildlife Research Centre-
determined the entire amino
acid sequence in the receptor
proteins of chickens and terns.
They showed that chickens'
receptor sites have a se
times-greater affi
ing strength, for d .n than
terns do.
Kate Madin
The study was supported by the
Woods Hole Sea Grantprogram.
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A modest proposal
to help lobsters
and lobstermen
Something nagged Dick Allen after three decades of trapping
lobsters in southern New England waters, where he and other lob-
stermen followed government regulations to keep the big ones and
throw back the little ones. For years, stocks seemed healthy, but by
1999, warning signs indicated that lobstermen were beginning to
struggle. And so were lobster stocks.
"I was consumed by it, all day, all night," Allen said in an inter-
view in June, a year after selling his fishing boat Ocean Pearl be-
cause of declining profits.
He wanted to stop what he called "beating on the resource," he
said. "I thought, 'We can do better than this. There has got to be a
better way for the lobsters and the people.'
"
This spring, Allen teamed up with Research Specialist Hauke
Kite-Powell at the Marine Policy Center at Woods Hole Oceano-
graphic Institution to search for that better way, using a grant from
The Island Foundation, based in Marion, Mass.
Their study questioned "the wisdom of spending money to catch
lobsters and then throwing them back." Instead, they found that re-
laxing the minimum legal size requirement but reducing the num-
ber of traps lobstermen could set would:
improve the sustainability of the lobster fishery,
increase lobstermen's incomes,
increase economic benefits to the regional economy from the
lobster fishery, and
have the added benefit of reducing the risk of entangling
whales and other marine life in lobster trap ropes.
Kite-Powell and Allen used computer models, a series of
equations that strive to capture both the biological and eco-
nomic dynamics of lobster fishing. Models integrate a wide
range of factors, from growth and reproduction rates of lob-
sters, to business costs and profits, to fishing methods, includ-
ing numbers of lobster boats, lobster traps, and days at sea.
The researchers can vary one factor number of traps, for
-and see the impacts on other factors.
ried to do," Kite-Powell said, "was determine the
Holy Grail of fisl'tesies management" the point where lobster
fishermen and lobster stoc'ksjjoth thrived. Both model results and
fish landing data suggest that the soXithern New England lobster
fishery is now far from that point, he said.
The researchers found that the minimum size requirement
about one pound, or 3.25 to 3.5 inches (8.2 to 8.9 centimeters) along
the back shell (depending on the fishing area in New England) is
less important to lobster conservation than the number of traps.
The models indicated that by reducing the allowed number of
traps, lobsters have more chance to grow and reproduce before they
are caught. This results in a dramatic increase in the average size
of lobsters in the population and in the catch. And, because each
lobster weighs more, the total catch increases with fewer traps.
The combination of reducing trap numbers and relaxing size re-
quirements would save lobstermen time, effort, fuel, bait, and mon-
ey because they could keep more of their catch, the researchers said.
Lobstermen now throw back up to 84 percent of their catch because
the lobsters are too small or because they are reproductive females.
The researchers acknowledged that their model "is not the real
world" and knew their study would not necessarily receive an enthu-
siastic response. "I think we've got a very sustainable fishery, just as
we are doing it now," Bob Bayer, executive director of the University
of Maine's Lobster Institute, told the Associated Press.
"We're dealing with people emotionally tied to this resource and
often with long histories of doing things a certain way," Allen said.
"Change is slow, often one fisherman at a time."
Amy E. Nevala
Ferry takes on a new task: research vessel
A ferry that provides transportation
from Woods Hole to Martha's Vineyard
has added another role as a research vessel.
Woods Hole Oceanographic Institution bi-
ologist Scott Gallager is installing a pack-
age of sensors on the ferry Katama (right) to
measure water temperature, salinity, pres-
sure, clarity, and oxygen levels and to pho-
tograph plankton as the ferry crisscrosses
Nantucket Sound dailv. With the interest
and cooperation of the Steamship Author-
ity, which operates the ferry service between
Cape Cod and the islands of Martha's Vine-
yard and Nantucket, Gallager will develop
a portrait of changing water conditions and
plankton communities in the sound. Real-
time data from his sensors travel over a
wireless connection to shore where Gallager
and WHOI colleagues Steve Lerner, Emily
Miller, and Andy Maffei make them avail-
able to scientists and the public on the proj-
ect Web site, http://4dgeo.whoi.edu/ferries.
Woods Hole Sea Grant supports the project.
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OLD MAN OF THE SEA MEETS YOUNG TYKE Sporting a freshly
painted red sail, the submersible Alvin returned this spring after
six months of routine maintenapce for the last series of missions
in its 42-year career. It is scheduled to be replaced by a new
deeper-diving sub in 2009. Off Bermuda, researchers from the
WHOI Deep Submergence Laboratory also tested the newest
member of WHOI's deep-sea fleet, 'Sentry, for the first time in deep
water. Sentry is a faster, more maneuverable, easier-to-operate
"offspring" of WHOI's pioneering deep-sea robotic vehicle, ABE
(the Autonomous Benthic Explorer).\ln June, ABE became the first
autonomous underwater vehicle appointed to the WHOI-operated
National Deep Submergence Facility, which provides deep-sea
exploration vehicles for the national scientific community.
Abandoned walrus
pups found in Arctic
Stepping aboard U.S. Coast Guard Cut-
ter Hc-a/y to explore the Arctic Ocean, Carin
Ashjian expected to ride the sea's winds and
swells, not an emotional roller coaster.
In spring and summer of 2004, Ashjian
and colleagues were investigating the po-
tential impacts of a warm-
ing climate on the delicately
balanced Arctic Ocean
ecosystem when they dis-
covered an unexpected phe-
nomenon. Nine separate
times, they sighted baby
walruses swimming alone
far from shore apparently abandoned by
their nursing mothers.
"The young can't forage for themselves
and are dependent on their mothers' milk
for up to two years," said Ashjian, a biologist
at Woods Hole Oceanographic Institution
and fellow of the WHOI Coastal Ocean In-
stitute. The lone calves, about two months
old and too tar offshore to swim back to
land, would likely succumb to starvation
and drowning, the researchers concluded.
"We would sail up to a particular loca-
tion and stay there for 24 hours at a time,
and one or two of these pups would swim
up to us, and the poor little guys would just
bark at us for hours on end," Ashjian said.
"It was really awful. I wouldn't go outside."
Adult walruses forage for clams, snails,
crabs, worms, and other invertebrate ani-
mals on the shallow seafloor
of the continental shelf, div-
ing to depths of 650 feet
(200 meters). Walrus moth-
; ers leave their calves on sea
o- ice while they dive, return-
ing to nurse them.
In short, walruses de-
pend on sea ice that usually persists above
shallow nearshore waters in summers, and
in 2004, the ice disappeared. The research-
ers observed a mass of water as warm as
44F (7C) over the continental shelves
of the Chukchi and Beaufort Seas more
than 6 degrees higher than temperatures
measured in the same region in 2002.
The scientists reported their findings in
the April issue ofAquatic Mammals. Lee W.
Cooper, a biogeochemist at the University
of Tennessee, was lead author of the report,
which concluded that warmer water came
north into the Chukchi and Beaufort Seas.
The warmer water melted nearshore sea ice
or moved it further north, leaving the only
remaining ice far offshore, over deep water.
The researchers think the mothers had
to swim farther and farther from shore to
find ice for the calves to rest on. Eventually,
they abandoned their calves in waters too
deep for the mothers to reach food.
"If walruses and other ice-associated ma-
rine mammals cannot adapt to caring for
their young in shallow waters without sea
ice available as a resting platform between
dives to the seafloor, a significant popula-
tion decline of this species could occur," the
scientists wrote.
The Marine Mammal Prate* :
prohibits the capture or removal of any ma-
rine mammals in U.S
permit, and there was no v
still-suckling calves aboard the ship.
Kate Mat/in
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Voyage takes census of tiny ocean animals
Scientists collected more than 1,000
shrimplike creatures, swimming snails and
worms, and gelatinous animals, including
species never seen before, on a landmark
cruise to inventory the ocean's zooplankton.
Woods Hole Oceanographic Institu-
tion (WHOI) biologist Peter Wiebe led a
team of 28 scientists from 14 nations, who
used nets to sample from the sea surface
to unprecedented depths of nearly 3 miles
(5 kilometers). The April cruise across the
tropical Atlantic Ocean, funded by the Na-
tional Oceanic and Atmospheric Adminis-
tration, was part of the Census of Marine
Zooplankton (CMarZ) project an ambi-
tious global effort to assess the kinds, num-
bers, ranges, and roles of thousands of tiny
animals species that provide the link in the
marine food chain between marine plant
life and predators from fish to whales.
While still at sea, researchers sequenced
genes to create unique DNA "bar codes,"
which scientists can use to quickly identify
different species without requiring experts
making identifications under microscopes.
"There are few taxonomists left to identi-
fy all these species, and genetic bar codes will
be a big step forward," Wiebe said. "We are
trying to provide the steppingstones so future
generations can use the results of this project
as a benchmark to measure at a glance how
ecosystems are changing in the future."
The DNA bar codes also reveal genetic
variations that allow scientists to differen-
tiate species that would otherwise be hard
to distinguish by sight, said Ann Bucklin,
head of the Marine Sciences Department
at the University of Connecticut, who leads
CMarZ.
Researchers collected the zooplankton
using MOCNESS, or Multiple Opening/
Closing Net and Environmental Sensing
Systems, designed by Wiebe and WHOI
colleagues. The computer-controlled system
allowed scientists to open and close sepa-
Ocean microscope
reveals surprises
Towing an underwater video micro-
scope across the Atlantic Ocean, scientists
revealed surprising abundances of cyanobac-
teria that fertilize the oceans with nitrogen.
The bacteria may turn out to be "a crucial
component" that stimulates the growth of
plants and animals in vast ocean regions
that might otherwise be barren of life, two
researchers from Woods Hole Oceano-
graphic Institution (WHOI) reported in the
June 9 issue of the journal Science.
Just like plants on land, microscopic ma-
rine plants and animals at the base of the
food chain require nitrogen to grow. But
the source of nitrogen, especially in open
oceans tar from runoff from
rivers and land, has re-
mained a mystery.
The WHOI scientists,
Cabell Davis of the Biol-
ogy Department and Den-
nis McGillicuddy of the
Applied Ocean Physics and
Engineering Department,
towed a device called the
Video Plankton Recorder
(VPR) behind the WHOI-
operated research vessel Knorr from the
Azores back almost to Woods Hole. It re-
mained in the water 24 hours a day, taking
digital photographs 30 times per second as it
undulated from the surface to depths of 425
feet (130 meters).
The VPR images showed unexpected
abundances of Trichodesmium, cvanobac-
< WHOI scientists Dennis
McGillicuddy (left) and
Cabell Davis examine the
Video Plankton Recorder,
an automated digital
underwater microscope.
teria that form tiny fragile
5 colonies 1 to 3 millimeters
f in diameter, which are not
^ easy to collect or count be-
cause they tend to break
apart when handled. The VPR gave scien-
tists the ability to observe and count Trich-
ot/es/niiim in a non-invasive way.
Davis and McGillicuddy found that
Trichodesmium live not only at the sur-
face, as scientists previously thought, but
throughout the region where light pen-
etrates the ocean. They estimated that
8 OCEANUS MA<;A/INT Vol.
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A Among the small animals found on a
tropical Atlantic cruise in April were (left to
right) a transparent comb jelly, a reddish
deep-sea squid, a jellyfish, and speckled
globular colonies of single cells.
rate nets every 3,000 feet (1,000 meters)
throughout the ocean and collect corre-
sponding information about water tempera-
ture and salinity. To capture the smallest
zooplankton, the nets had a mesh size of
333 micrometers (smaller than the period at
the end of this sentence). In addition, scuba
divers also collected samples during the day
and night.
Trichodesmium are two to three times more
abundant than previously believed.
Trichodesmium thrive in waters that are
low in nutrients because of their ability to
use molecular nitrogen (N2 ) found in air and
water. They incorporate it into nitrogenous
compounds that other organisms can use.
"If traditional sampling has underes-
timated colonies in other regions of the
world, estimates of global Trichodesmium
abundance will increase dramatically,
changing our perception of the importance
of this organism to the productivity of the
world ocean," Davis said.
The project was supported by the Richard B.
Sellars Endowed Research Fund, theAndrew W.
Mellon Foundation EndowedFundfor Innova-
tive Research, the WHOI Ocean Life Institute,
the National Science Foundation, and the Na-
tional Oceanic andAtmospheric Administration.
BUOY RIDERS Service calls to buoys in the middle of the Gulf Stream are anything
routine. On a research cruise in April, the WHOI research ship Oceanus saile
was damaged, researchers suspect, by a collision with another ship. (Note
at the buoy's top right.) Oceanus dropped off WHOI engineer Frank Bal t) and research
specialist Jeff Lord of the WHOI Physical Oceanography Department, 3 spent several
hours bobbing in the ocean, replacing damaged meteorological sensors.
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GROUPER DYNAMICS Nassau groupers
(above) are large, delicious, and easy
to catch when they aggregate by the
thousands to spawn on coral reefs in
the Caribbean. To protect the species
from overfishing, conservationists have
proposed setting aside marine preserves,
but they don't know which areas are most
critical because they don't know enough
about how the fish travel through the
oceans from larval stages to adulthood.
In January, scientists at Woods Hole
Oceanographic Institution launched a
novel collaborative study, funded by
the Oak Foundation, on Glover's Reef in
Belize. To track fish from their birthplaces,
biologist Simon Thorrold "tags" fish
embryos with a nontoxic chemical marker
that can be detected in the fish's ear bones
throughout their lives. He is working
with biologist Jesus Pineda and physical
oceanographer Glen Gawarkiewicz,
who uses a free-swimming robotic
vehicle, REMUS (left), to obtain detailed
measurements of currents that may sweep
fish larvae on and off reefs.
Sunlight neutralizes
toxic mercury in lakes
Sunlight triggers chemical reactions that
help transport toxic mercury from the atmo-
sphere into rivers, lakes, and the ocean. But
a new study also showed for the first time
that sunlight decomposes as much as 80 per-
cent of the methylated mercury in Arctic
lakes before it gets into fish that humans eat.
The return of the sun after dark Arctic
winters oxidizes mercury in the atmosphere
into a more reactive form that attaches to
rain, snow, or dust and falls into water bod-
ies. However, in their studies of four Alas-
kan lakes, marine biogeochemists Chad
Hammerschmidt ofWoods Hole Oceano-
graphic Institution and William Fitzgerald
of the University of Connecticut found that
sunlight also catalyzes the breakdown of
methylmercury, the poisonous form that ac-
cumulates in tish flesh.
The scientists noted that global warming
could increase precipitation and the decom-
position of soil and rocks, sending more mer-
cury, as well as organic debris, into lakes and
oceans. The debris would make lakes cloud-
ier, blocking the penetration of sunlight and
its potential poison-removing effects.
The scientists reported their findings in
the January issue of Environmental Science
and Technology.
i Geochemists found that photochemical
reactions decomposed mercury in Arctic lakes.
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Biologist Cindy Van Dover routinely
finds new, unusual creatures when she dives
to unexplored areas of the ocean in the
deep-sea submersible Alvin. So she was not
particularly fazed when she and biologist
Michel Segonzac spotted the 6-inch white
crab with long, hairy arms on the seafloor
in the southeast Pacific in March 2005.
Months later, though, Van Dover be-
came excited after Segonzac examined the
crab's morphology and found that it was
not only a new species, but that it belonged
to a previously unknown genus and even
higher in the hierarchy of taxonomy to an
entirely new family of crabs.
"Now I think it is a superb creature and
very curious," said Van Dover, who was
named director of the Duke University
Marine Laboratory in July.
She's not alone. Segonzac, from Institut
Francais de Recherche pour 1'Exploitation
de la Mer in France, and colleagues pub-
lished their findings late last year in the
French journal Zoosystema, and this spring
the crab's image began appearing in maga-
zines and newspapers worldwide, from Pop-
iiliir Mechanics to The New York Times.
The name of the new family, Kiwaidae,
comes from Kiwa, a Polynesian goddess of
crustaceans. It's only the second new family
of deep-sea crabs identified since the mid-
1800s. The crab's genus and species names
are Kiwa hirsuta (the latter from the Latin
word for
"shaggy" or "bristly"), which sci-
entists picked after seeing the crab's long
arms, coated with yellow-tinted hairs that
feel like toothbrush bristles.
Less formally, the newfound creature
has become known as the "Yeti" crab, af-
ter the legendary shaggy "snowman" of the
Himalayas.
"People loved it, and I was shocked by
this," said Joe Jones, a scientist at Monterey
Bay Aquarium Research Institute who as-
sisted with genetic analyses. "I thought no-
body would care except crustacean nerds."
An image of the crab, displayed at a sci-
ence conference in Scotland, "sent murmurs
up around the room," Jones said. One on-
line blog by non-scientists called the crab
"sublime and magical and perfect in its alien
weirdness." Another blogger posted contem-
porary rap music dedicated to the crab. A
woman in Tokyo sent Jones a sewing pattern
for crafting stuffed animal versions of the
crab, which has been downloaded from her
Web site more than 2,300 times, she said.
Though the crab has been compared to a
lobster, Jones said it is actually a distant rel-
ative of the hermit crab.
Scientists are beginning to study bacteria
living on the crab's bristles. The bacteria use
poisonous sulf ide compounds from hydro-
thermal vent fluids to grow. Tl.
toxify the fluids and provide
of crab food in exchange for a pla
Am \
The National
this research.
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Transparent animals
may play overlooked
role in the oceans
Salps don't get much respect. They've
been around for millions of years, but hardly
anyone even knows they exist.
Even many who have heard about these
transparent, jellylike creatures consider
them a dead end in the ocean food web:
They cruise around, vacuuming up micro-
scopic plants, but don't get eaten by other
animals, making them a marine equivalent
of inedible cows.
But in the May issue of Deep-Sea Re-
search, scientists report that salps may play
an important and overlooked role in deter-
mining the fate of the greenhouse gas car-
bon dioxide in the ocean. Swarming by the
billions in salp "hot spots," they transport
tons of carbon per day from the ocean sur-
face to the deep sea and keep it from re-en-
tering the atmosphere, the scientists say.
Biologists Laurence Madin of Woods
Hole Oceanographic Institution (WHOI)
and Patricia Kremer of the University of
Connecticut led researchers to the Mid-At-
lantic Bight region (between Cape Hatteras
and Georges Bank) in four summers since
1975, and each time found that one species,
Sa/pa aspera, multiplied into dense swarms
that lasted for months.
One swarm covered 38,600 square miles
(100,000 square kilometers) of the sea sur-
face, containing perhaps trillions of thumb-
sized
salps. The scientists estimated that
the swarm consumed up to 74 percent of
microscopic carbon-containing plants from
the surface water per day, and their sinking
fecal pellets transported up to 4,000 tons of
carbon a day to deep water.
The oceans absorb carbon dioxide from
the atmosphere, including some of the car-
bon dioxide emitted by fossil-fuel burn-
ing. In sunlit surface waters, tiny marine
plants phytoplankton use it to grow.
Animals then consume phytoplankton and
incorporate the carbon, but most of it dis-
solves back into the oceans when the ani-
mals defecate or die. The carbon can be
used again by plants, or it can return to the
air as heat-trapping carbon dioxide.
Salps send carbon down a third path
by making heavy, fast-sinking fecal pellets
that efficiently ship carbon to the deep sea,
where it is sequestered from the atmosphere.
"Salps swim, feed, and produce waste
- These transparent, 2-inch salps (Salpa
aspera) can multiply into billions, covering
thousands of square miles of ocean and
swimming daily from the surface to depths
of 2,400 feet (800 meters). They filter carbon-
containing phytoplankton from the water and
produce sinking fecal pellets that transport
tons of carbon to the deep sea. The orange
dot is the salp's gut, and the white coil is its
chain of asexually produced offspring.
continually," Madin said. "They take in
small packages of carbon and make them
into big packages that sink fast."
Salpa aspera swim long distances down
in daylight and back up at night. Madin,
Kremer, and colleagues Peter Wiebe and
Erich Morgan ofWHOI and Jennifer Pur-
cell and David Nemazie of the University
of Maryland found that the salps stay at
depths of 1,970 to 2,625 feet (600 to 800
meters) during the day, coming to the sur-
face only at night.
"At the surface," Madin said,
"salps can
feed on phytoplankton. They may swim
down in the day to avoid predators or dam-
aging sunlight. And swimming up at night
allows them to aggregate to reproduce and
multiply quickly when food is abundant."
Because of this behavior, salps release fe-
cal pellets in deep water, where few animals
eat them. This enhances the transport of
carbon away from the atmosphere.
Kate Madin
Editor's Note: The author, who has a Ph.D.
in invertebrate zoology, is married to Madin
and occasionally studies salps with him.
The research was funded />y the National
Science Foundation, the National Oceanic and
Atmospheric Administration, and the Access to
the Sea program at WHOI.
Did humans kill off ancient wild horses?
Between 10,000 and 20,000 years ago,
many large mammals became extinct in
North America and around the world. The
cause of these extinctions has been hotly de-
bated, with climate change and overhunting
by humans as the leading contenders.
In Alaska, the most recent fossil remains
of mammoths postdate the arrival of hu-
mans across the Bering ice/land bridge into
North America around 13,000 years ago,
but the most recent remains of wild hors-
es predate human arrival. That supported
contentions that while human overhunting
could have contributed to the extinction of
mammoths, it could not have been a factor
in the wild horse's extinction.
But in the May 9 issue of the Proceed-
ing of the NationalAcademy of Sciences,
Andy Solow, senior scientist and director of
the Marine Policy Center at Woods Hole
Oceanographic Institution, and co-authors
David Roberts and Karen Robbirt from the
Royal Botanic Gardens at Kew, England,
showed that uncertainties in the dating of
horse fossils are so large that the coexistence
of horses and humans cannot be ruled out.
The debate remains open.
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OCEAN TECHNOLOGY
Swimming in the rain
Novel untethered vehicle
catches 'marine snow'
falling through the sea
Twilight
zones, witch hunts, and cross-
bows usually don't find their way into
tales about new oceanographic instruments.
This story isn't typical, but it does start in
the usual way, with oceanographers striving
to coax secrets out of inscrutable oceans.
In this case, scientists were investigating
a fundamental but still mysterious process:
How do tiny particles comprised of dead
phytoplankton, dead zooplankton, and zoo-
plankton feces sink from sunlit surface
waters where they are produced, through
the ocean's
"twilight zone" where light pen-
etrates weakly, and into the dark abyss?
The rain of this so-called "marine snow"
provides the food supply for organisms in
the depths. It also has a major impact on
Earth's climate by transporting carbon to
the deep sea and preventing it from re-en-
tering the atmosphere as a greenhouse gas.
(See "A journey to the ocean's twilight
zone," page 42.)
To collect the rain of particles, scientists
built devices called sediment traps cones
or tubes that hang beneath buoys or float
up from seafloor anchors. That, said Ken
Buesseler, a biogeochemist at Woods Hole
Oceanographic Institution (WHOI), "is
like putting out a rain gauge in a hurricane."
Here's
the problem: While particles de-
scend slowly, perhaps 10 to a few hun-
dred meters per day, they are swept sideways
by ocean currents traveling at 3 to 27 nautical
miles (5 to 50 kilometers) per day. (Imag-
ine a balloon carried away by proportionally
high winds from the top of the Empire State
Building; it would be in Pennsylvania before
it landed on a sidewalk.) "Particles do not
fall
vertically but 'sink' nearly horizontally,
pushed by ocean currents," explained Dave
Siegel, an oceanographer at the University of
California, Santa Barbara.
In the late 1980s, Buesseler developed
a technique to track marine snow by using
thorium-234, a naturally occurring radioac-
tive element in seawater that sticks to the
particles. In a provocative 1991 paper in Nii-
tt/rc, he pointed out that his chemical mea-
surements of falling particles did not jibe
with those measured by sediment traps.
"That got me into a lot of trouble early in
my career," said Buesseler, who is now chair
of the Marine Chemistry and Geochemistry
Department at WHOI. "I was a junior sci-
entist and was yelled at by some very impor-
tant scientists for saying that their methods
weren't working well. Some said I was off
on a witch hunt."
i WHOI biogeochemist Ken Buesseler (blue hat) and engineer Jim Valdes (yellow hat) deploy a
Neutrally Buoyant Sediment Trap for a three-day mission in the depths of the North Pacific Ocean
in 2005. The instrument collects "marine snow," the falling particles of dead phytoplankton and
zooplankton feces that sink from sunlit waters into the ocean's "twilight zone."
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or more than 300 feet. Imagine
if you were swimming and hav-
ing a few coins in your pocket
meant the difference between
sinking or swimming."
Over the years, more evidence
of the limitations in conventional
traps mounted. As Buesseler's
most vigorous opponents left the
tield or died, support for new
traps rose. The researchers' work
on a prototype NBST earned
them a grant from the National
Science Foundation.
T
Particles sinking from sunlit surface waters through the ocean's dimly lit twilight zone are swept sideways
by currents. Conventional moored or tethered traps designed to catch the particles are like "rain gauges
in hurricanes," said WHOI biogeochemist Ken Buesseler. He and engineer Jim Valdes are designing a new-
generation neutrally buoyant untethered vehicle called the Twilight Zone Explorer, which is swept along
with the currents. It surfaces periodically to relay data via satellite.
For several years, Buesseler couldn't get
peer-reviewed funding to go beyond the
"classic
'put-out-a-coffee-cup-and-see-what-
falls-in' sediment trap methods," he said. "It
took a little while from putting out the idea
to getting some movement."
In
1994, Buesseler, WHOI physical
oceanographer Jim Price, and WHOI
engineer Jim Valdes received a Cecil H.
and Ida M. Green Technology Innova-
tion Award from WHOI, which provided
seed money to try a new idea. They wanted
to cut the cord and go with the flow to
build a particle collector that would not be
attached to a mooring. Instead, it would
sink to a programmed depth and remain
neutrally buoyant that is, neither rise nor
sink at a depth between 450 and 1,500
feet (150 to 500 meters) in the twilight
/one. It would be swept along with the
currents for several days, collecting parti-
cles, and then return to the surface.
"Think of a hot air balloon being carried
by the wind with a rain gauge attached,"
Buesseler said.
The team piggybacked on new technol-
ogy by attaching particle-collecting tubes to
floats being developed for physical oceanog-
raphers to measure currents, water tempera-
ture, and salinity. The floats pump oil into
and out of an internal bladder to adjust their
volume and regulate their buoyancy.
"The key to the whole endeavor," Valdes
said, "is to accurately predict what the in-
strument will weigh in seawater." Extreme-
ly accurately.
"It may sound simple, but it is quite a
balancing act to get these Neutrally Buoy-
ant Sediment Traps (or NBSTs) to sink to
the exact depth we need," Buesseler said.
"Ifwe are off in our weight calculations by
the weight of a Vi-inch washer, it can send
the instrument down another 100 meters,
he team spent more than
even years designing the
NBST testing different instru-
ment configurations in pressur-
ized tanks; precisely estimating
how pressure would compress
materials in the depths and how
this would shift weights; add-
_ ing or removing items; making
S tradeoffs; trimming weight by
=
adding small bottles of lead shot;
=
changing glass tubes to alumi-
num because they were less frag-
ile (though heavier); estimating
the density of the water the in-
strument would travel through;
calculating and recalculating the
weight of every adjustment.
"It's all in the details," Valdes said. "But
when you put an instrument over the side
and it's untethered, it has to work the first
time, every time, or you'll never get it back."
That's what happened on a 2003 test.
The team tracked the loss to a color-coding
error in a resistor. "A small error in a 2-cent
part resulted in the loss of the instrument,"
Valdes said.
So with trepidation, Valdes sent seven
NBSTs overboard in 2004 in the Pacific
Ocean near Hawaii. They sank, gauged and
maintained their depths using a micropro-
cessor that measures water temperatures
and pressure, collected particles, and then
surfaced a few days later and 10 to 20 nauti-
cal miles away. Here's where the crossbow
comes in. (See article on next page.)
On their first scientific mission, "sev-
en NBSTs went in the water and all seven
came back with their precious cargo a first
in ocean sciences history," Buesseler said. A
14 cx
year later, the NBSTs proved their mettle
attain on another expedition in the north-
west Pacific.
Based
on their success, the National
Science Foundation in July awarded
Buesseler and Valdes a $2 million grant to
build the next generation, which they call
the Twilight Zone Explorer, or TZEX. It
would be able to stay out tor longer mis-
sions initially for one month so that sci-
entists can sample particle fluxes over longer
time periods without returning to sea.
The researchers are looking at a rotat-
ing carousel in TZEX that can open and
close and segregate previous samples. They
are also contemplating how to keep track of
TZEXs that can be swept far and wide the
longer they are at sea.
The team also wants to add more sensors
to measure chlorophyll and light levels in the
oceans, for example. Even' addition requires
recalculation of the instrument's buoyancy.
Finally, they seek a solution tor what
Buesseler called "the bane of particle trap-
ping" zooplankton that swim into sam-
pling tubes in pursuit ot food. Scientists call
them "swimmers."
"Collection tubes are like pie plates for
all the critters out there that want a free
meal," Valdes explained. Swimmers some-
times "eat my data," Buesseler said, and oth-
er times mistakenly become data.
"They're carbon, too," Valdes said, and
it's difficult to distinguish whether swim-
mers died and sank, or died after pursuing
food into the trap. Researchers spend te-
dious hours peering through microscopes,
picking out swimmers from their samples
with tweezers.
"There's a whole art or Zen of
swimmer picking," Buesseler said, and it
creates bias depending on who is doing the
picking. Valdes is designing a device with
5-inch
rotating dimpled balls that look like
golf balls, which shunt smaller particles
into bottles while preventing entry by larg-
er swimmers.
"There are going to be challenges," Val-
des said, "and it's not clear where it'll take
us. We have a lot of concepts that we need
to test in the lab and in open water, but we
certainly have a destination in mind."
Lonny Lifpsett
Have crossbow, will travel
to track down ocean devices
When a Neutrally Buoyant Sediment
Trap surfaces after a three- to five-day
particle-collecting mission in the ocean
depths, "only its orange cap is visible,
about the size of a 2-liter bottle of Coke,"
said Jim Valdes, an engineer at WHOI,
"a proverbial needle in a haystack."
"Couple this with a 6- to 10-foot swell
and a wind of 35 or more knots produc-
ing whitecaps and blowing water, and
you'll have some idea ofhow daunting a
task finding an NBST can be," he said.
"The engineers at Woods Hole,
with years of seagoing experience, de-
signed a number of recovery aids into
our NBSTs," Valdes said. "They knew
that locating an NBST after deployment
would not be trivial."
Scientists use an Acoustic Doppler
Current Profiler onboard ship to moni-
tor the speed and direction of subsurface
currents that have carried the NBST.
They estimate where the NBST will sur-
face and steer the ship in that direction.
At the surface, the NBST turns on an
internal Global Positioning System re-
ceiver and then sends its position to the
ship via a series of satellite relays. The
NBST also transmits a radio signal that
a sophisticated Radio Direction Finding
receiver on the ship picks up at a range of
5 to 7 nautical miles (9 to 13 kilometers).
During daylight, it's difficult to see
small submerged objects in the water,
so recoveries are made at night, when
the crew can spot an NBST's flashing _ ;
light up to 2 nautical miles (3.7 kilome-
ters) away in good conditions. The-iarew
shines a spotlight on it (left) and maneu-
vers the big research ship within yards of
the NBST. The scientists use a crossbow
(bottom left) to shoot a line with a grap-
pling hook to reel -in the instrument.
"So the crossbow became standard ;.- :I-'-^f.
equipment," Valdes said. "But it's noyylL
carry-on item," he said with a smile. "You
'
';
g. stopped at Customs."
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A laser light in the ocean depths
T) esearchers studying rocks on Mars or suspicious white powders
IVon the battlefield have a high-tech way to determine a sample's
chemical composition without bringing it back to the laboratory.
It's
known as laser-induced breakdown spectroscopy, or LIBS.
Anna Michel, a student in the MIT/WHOI Joint Program in
Oceanography, would love to use LIBS on the seafloor.
The prob-
lem is, LIBS doesn't work in water ... at least not yet.
Michel and other scientists in the Deep Submergence Laborato-
ry at Woods Hole Oceanographic Institution (WHOI) are working
to develop a LIBS instrument that can be used in the
sea.
Invented in the 1960s, LIBS focuses high-intensity pulses of laser
light on a solid, liquid,
or gas until it creates plasma (an electrically
charged gaseous state) and a short-lived flash of light.
Those light
emissions come in different wavelengths, or "colors," of the spectrum,
depending on the elements present in the sample.
A spectrometer de-
tects the wavelengths to identify a sample's chemical composition.
On the surface ofMars or in the deserts of Iraq, the process is ,
relatively straightforward because rocks and dust are dry
and laser |/
light travels through air with little impediment.
But at the bottom'
,
I
i.
of the ocean, the intense pressure and the liquid environment
suppress the plasma, producing less detectable light.
The laser
light and the return signal are also scattered, distorted,
and
>i^|
diffused by seawater. '- '
"Very few people work with LIBS in liquids," said Mi-
chel, who has been collaborating with terrestrial LIBS
expert Michael Angel of the University of South
Car-
olina. "Even fewer people work with LIBS at high '. fo ,,-,..,
pressure, and no one has worked with it in seawater."
A Ian Chave, Michel's advisor from the WHOI Department of
li_Applied Ocean Physics and Engineering, got a serendipitous
phone call from Andrzej Miziolek, a former colleague working at
the U.S. Army Research Laboratory in Aberdeen, Md., who had
read an article about ocean observing technology and suggested that
LIBS might prove valuable.
"The call came right around the time that Anna was looking for
a Ph.D. project," Chave said. "Since she had a chemistry
and chemi-
cal engineering background, it
seemed like the perfect fit."
The idea was to de-
velop an instrument
that could di-
rectly measure
elements
just as they
emerge
from the
seafloor
Photo by Tom Kleindinst, WHOI
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and spew from volcanic hydrothcrmal vents. For decades, ocean
scientists have collected fluid samples to study underwater venting
and volcanism which build the Earth's crust, seed seawater with
minerals, and fuel some of the planet's most primeval life forms.
But sampling devices on the Alvin submersible or remotely operat-
ed vehicles (ROVs) such as Jason inevitably capture excess seawater
that dilutes the fluid sample's chemical composition. Other trans-
formations also occur as samples are moved from 72 atmospheres of
pressure (4,000 pounds per square inch) at the seafloor to the 1 at-
mosphere we experience at Earth s surface.
Chave challenged Michel to adapt LIBS technology to this
murky fluid environment and its crushing pressures. "With LIBS,
we would be able to observe the composition ofvent fluids in their
natural environment, under real conditions," Michel said.
In
a black-walled, windowless room in the basement of the
WHOI Deep Submergence Laboratory, Michel has been cus-
tom-designing and testing a LIBS system for the ocean floor.
Alongside WHOI Assistant Scientist Sheri White (who is devel-
oping her own chemical sensors), she is brewing chemical-laden
solutions to test the accuracy of her detector against what it will en-
counter on the seafloor. And she is learning from WHOI Senior
Engineer Norman Farr, who helps her find the right lenses to focus
her laser.
"Our goal is to see what elements we can detect with LIBS," Mi-
chel said, "and then we want to build something that can be put on
an underwater vehicle such as Jason.
"Getting a light signal in liquids at high pressure is a lot harder
than we thought it was going to be," Michel said. The water (and
perhaps the higher pressures, too) quench the plasma, making it
harder to detect.
Michel has received a National Defense Science and Engineer-
ing Graduate fellowship to fund her graduate studies, as well as a
Marine Technology Society scholarship. Last fall, her work gar-
nered a "best student poster" prize from an Office of Naval Re-
search-sponsored program.
/Tichel's interest in oceanography was kindled as a teenager,
J. V_Lwhen she was chosen to participate in The Jason Project, a
multimedia educational program to promote interest in science and
technology. She spent 10 days at sea near the Galapagos Islands,
where she got a chance to help drive an ROV.
"The scientists let us play with everything," Michel said.
"Oceanography and engineering seemed like really exciting careers."
Michel is spreading that message to the next generation of fe-
male students. Along with some classmates, Michel has helped
launch the MIT Women's Initiative, a program that has received
funding from MathWorks, Oracle, Raytheon, Schlumberger, and
other businesses, to send female engineers to schools to talk about
their careers.
"Very few women go into engineering," she said, "because girls
just don't get the message that they should be engineers."
Mike Car/owicz
Anna Michel's research has beenfunded by the WHOI Ocean Ventures
Fund, the WHOIDeep Ocean Exploration Institute, and the National
Science Foundation.
OCEAN POLICY
Scientists poised to 'wire' the ocean
Major initiative will
launch networks of
ocean observatories
Oceanography
is on the verge of a revo-
lution. Instead of sporadic, expedi-
tionary glimpses of the ocean from ships
and subs, oceanographers are poised to es-
tablish a permanent presence in the ocean.
Like the engineers who crafted the inter-
state highway system, researchers have been
planning an infrastructure of long-term
ocean-observing outposts that can transmit
round-the-clock data from remote oceans to
shore-based scientists.
As ofJuly, the dream took a big step to-
ward reality: appropriations committees in
both the U.S. House and Senate have ap-
proved a 2007 budget for the National Sci-
ence Foundation (NSF) that includes a
$13.5 million down payment on the Ocean
Observatories Initiative (OOI). The vi-
sion is to construct a network of ocean
platforms with instruments and sensors,
long-term power supplies, advanced com-
puter command and storage capability, and
fiber-optic cables or satellite and acoustic
communications systems all feeding con-
tinuous streams of data and imagery back to
researchers and the Internet.
Just as networks of meteorological sta-
tions have revolutionized our understanding
of the weather, ocean observatories will give
Sea to shore to ship to sub
scientists an unprecedented ability to moni-
tor long-term patterns and changes in the
sea and to detect infrequent events that pre-
viously went unobserved.
"We have made great advances in un-
derstanding the ocean since World War II,"
said Alexandra Isern, the ocean technol-
ogy program director for NSF. "But to take
the next step, we need to be in the environ-
ment 24-7. To transform science, you have
to think big."
Indeed, OOI may be the biggest pro-
gram in the history of ocean science not
only in dollars, but in the amount of effort
expended to forge collaborations among
researchers who have historically pursued
research through individual projects or ex-
peditions. Hundreds of ocean scientists have
been asked to look past parochial interests,
conceive a common vision, and share a com-
munity resource.
"This has been a historic event for us,"
said John Trowbridge, a senior scientist
at Woods Hole Oceanographic Institu-
tion (WHOI) and director of its Center for
Ocean, Seafloor, and Marine Observing
Systems. "We were asked to do something
that we've never done before as a communi-
ty: think collectively about how to do ocean
sciences and work together to set priorities
on how to do that."
Because the 2007 NSF budgets proposed
by the Bush administration and approved
by congressional appropriations committees
both contain funding for OOI, the observa-
tory initiative seems likely to launch when
the final 2007 federal budget is approved in
the fall.
With the initiative, NSF proposes to
spend $309.5 million over six years to build
an integrated observatory network and an-
other $240 million for operations and main-
tenance through 2014. The project will be
managed by the scientist-led Ocean Research
Interactive Observatory Networks (ORION).
The total costs are still less than that of
one space shuttle flight and half the cost of
building a new Yankee Stadium.
Many
of the most fundamental, planet-
shaping processes occur in the ocean,
out of human sight. The majority of earth-
quakes and volcanoes erupt beneath this
watery blanket, building and consuming
Earth's crust. Mineral-rich fluids gush from
the seafloor. Circulating currents move cli-
mate-driving heat and moisture around
the globe. Strange organisms grow in the
depths beyond the influence of sunlight,
providing a window on perhaps the earliest
life on the planet.
Sailors and scientists have glimpsed these
phenomena first from the shore, then from
ships, buoys, and submersibles, and recently
from satellites. Each approach has advanced
our understanding of the oceans.
But each view has been limited. Research
cruises last onlv a few days or weeks and
T Seafloor sensors at an underwater
observatory detect magma rising to a mid-
ocean ridge and relay data to a surface buoy.
T Scientists send a return message,
commanding an autonomous underwater
vehicle (AUV) to leave its docking station.
i The information is transmitted from the
buoy via satellite to shore-based researchers.
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Three types of observatories
Regional, Cabled Observatories
Electro-optical cables from a shore-based lab
provide a power and communications grid for
instruments over a wide seafloor area.
don't allow researchers to observe changes
over seasons or years. Instruments on satel-
lites offer broad and long-term observations,
but the}' typically penetrate just the top few
meters of water. Moorings, buoys, and drift-
ers have revealed much, but they have been
limited by the availability of ships to deploy
them, the capacity of computer memory,
and the strength and longevity of batteries.
Advances in communications, robot-
ics, computing, platform design, power sys-
tems, and sensor technology now make it
possible to get broader, more detailed views
of the seas over longer periods. With In-
ternet technologies, that information can
be shared in real time with scientific col-
leagues, policymakers, educators, and stu-
dents thousands of miles away.
"Establishing observatories and observ-
ing systems," said Bob Detrick, WHOI vice
president for marine operations, "will trans-
form our understanding of the oceans and
their impact on the planet's processes."
Coastal Observatories
Land-based sensors, cabled underwater
instruments, moorings, and other platforms
combine to monitor coastal conditions.
This
new wave has been building for de-
cades. Renowned WHOI oceanographer
Henry Stommel worked on the first observa-
tory off Bermuda in the 1950s. Since the late
1980s, more than 40 workshops, reports, and
proof-of-concept projects have been dedicated
to developing platforms from which oceanog-
raphy can make its next great leap.
In 2005, NSF and ORION asked the
ocean science community to start making
choices and to develop a clear road map; 549
scientists and engineers from 137 institu-
tions and companies responded. Collectively,
they ottered 48 different proposals for coast-
al, global, and regional cabled observatories.
"The choices have been hard because
there are too many good scientific ques-
tions," said Trowbridge, who served on
one of ORION's advisory committees.
"Everyone is parochial and has their inter-
ests that's human nature. But everyone
has tried to be constructive in balancing
the good of the community with the good
'
Global Observatories
Observatories moored at strategic sites, along
with fleets of drifters and gliders, provide
pan-ocean data.
of our institutions."
At press time, the ORION team was
leaning toward developing a vast cabled ob-
servatory off the coasts of Oregon, Wash-
ington, and British Columbia (the North
East Pacific Time-integrated Undersea
Networked Experiments, or NEPTUNE);
a set of long-duration buoys that can fill in
the gaps between existing U.S. and interna-
tional monitoring programs; two fixed, ca-
bled coastal observatories (one each for the
Atlantic and Pacific); and a coastal "pioneer
array" that can be moved from one part of
the world to another.
The goal is to start construction by the
end of 2007 and to launch the first OOI-re-
lated science experiments by 2008. But the
hopes of the ocean science community are
mostly in the hands of Congress right now.
"A commitment to OOI would mean recog-
nition of the importance of ocean research
to the nation," Detrick said.
Mike Carlowicz
T The AUV scans and maps the seafloor,
observing the eruption as it unfolds.
A Scientists muster a rapid-response
expedition by ship to observe the new lava
flow and hydrothermal vent.
T A human-occupied submersible visits the
site, making firsthand observations of newly
formed ocean crust.
Illustrations from anammatni.'
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(18 meters) in diameter in the ceftfer of Masaya Volcano's inner
crater. To get inside, Ken Sims*aVicf Dennis Jackson (at right)
climbed and rappelled down 2,000 feet (600 meters).
Photo by John Catto
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r en Sims peers over the rim ofMasaya Volcano
andlook.
_ 2,000 feet (600 meters) down into the smoking crater
lined
with rows ofjagged rocks that jut up like monstrous teeth. ''
Sweat drips from Sims' fore-
head on this sweltering Nicaraguan
morning. The temperature is al-
:ady 100F (37C). Only the vul-
tures move
black, bony wings to ride hot winds
across the crater.
With the wind comes the gas,
which Sims and several colleagues
are here to study. Sulfur-laced gusts
swirl into Sims' face as he organizes
his climbing ropes. He coughs and
pulls up his gas mask. The air reeks
of rotten eggs, a signature scent of
a
smoking volcano.
Sims is not worried that Masaya
will erupt, as it last did on April 23,
2001. That unexpected spasm ex-
pelled a small amount ofash
and
rock that burned a woman's arm,
started a fire, and damaged several
nearby cars and tour buses. Now
seismometers monitor the volcani
every twitch and provide warning.;-
Still, it's one thing to look down
the throat of a volcano. It's another
to climb inside.
m
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- WHOI geologist Ken Sims (center) and his
friends John Catto (left) and Dennis Jackson
have climbed mountains around the world
for sport. In March 2006, they descended into
Masaya Volcano for science.
Hundreds
of years ago, those who ven-
ture into Masaya did so against their
will. Ancient Nicaraguans believed the vol-
cano was inhabited by a lava-spitting de-
mon; they tried to appease it by throwing in
young women and children.
But tor Sims, the volcano is a labora-
tory. For 30 years, Sims and his friends John
Catto and Dennis Jackson have climbed
mountains, frozen waterfalls, and rock walls
around the world tor sport. In March 2006,
with permission from Nicaraguan national
park officials, they descended into the vol-
cano for research.
Experts in volcanic gases ordinarily
work on the rims of volcanoes. But Sims,
a Colorado native, reached the top of his
first 14,000-foot (4,267-meter) mountain at
age 8 with his father. He possesses both the
climbing skill and scientific knowledge to
safely collect gas samples directly from the
caldera, where the gas is most concentrated.
By gathering gas samples from volca-
noes worldwide, Sims is exploring how our
planet is evolving and how volcanic gases
cause climate changes that may have led to
the extinction of dinosaurs. Studying the
gases also helps scientists understand when
the volcano might erupt and what effect gas
emissions may have on human health.
Since joining the Geology and Geo-
physics Department at Woods Hole
Oceanographic Institution (WHOI) in
1997, Sims has collected gas from Mount
Erebus in Antarctica and Mount Etna in
Italy. This fall, he plans to travel to Ny-
iragongo Volcano in the Congo and to
Kilauea Volcano in Hawaii. Sims is con-
tinuing to collect a library of global vol-
canic exhaust to learn about what he calls
"Earth's plumbing system."
The volcanoes he ventures into meet two
criteria. They regularly serve up plenty of
- Ken Sims rappels down a 400-foot (120-
meter) slope en route to the crater floor. The
two-hour descent included rappelling down a
200-foot (60-meter) vertical wall. The climbers
used the same route on their return to the rim.
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gas for sampling, and they are monitored for
telltale movements that might indicate an
impending eruption. This makes them safer
to study.
"1 want degassing volcanoes," Sims says.
"Not exploding volcanoes."
Masaya,
for example, doesn't measure up
to the traditional image of a volcano
as a tall, conical mountain with lava spout-
ing from its top. Only 2,083 feet (635 me-
ters) high, Masaya is a small try compared
with a dozen other volcanoes towering twice
as high over the Nicaraguan countryside.
Nicaragua's tallest volcanoes Concep-
cion, Mombacho, and San Cristobal are
featured on postcards sold in local markets.
M.^aya, however, squats on the landscape
like a lumpy mushroom.
What Masaya lacks in grandeur, it
makes up for in gas. Located in Parque Na-
cional Volcan Masaya in southwestern Ni-
caragua, the volcano is a Central American
tourist stop for those who come to gaze at
its smoky white plumes.
Each day, 6,000 metric tons (13.2 mil-
lion pounds) of gas watt from a conduit 60
feet (18 meters) in diameter in the center of
Masaya's inner crater. For 70 Nicaraguan
cordobas (about $5), anyone can drive the
6.6-mile (10-kilometer) paved road to the
volcano's rim tor a nose-wrinkling whiff of
exhaust from the Earth's interior.
Unlike
other volcanoes, Masaya vents
gas that has not been filtered through
or chemically altered by groundwater. In-
stead, the gas escapes directly trom underly-
ing magma, through the conduit, and into
the open air.
This access to pure volcanic gas first
drew Sims and three European colleagues
to Masaya in 2003 and brought them to-
gether again in March. Each of the scien-
tists studies a slightly different aspect of the
gas. After their individual analyses, they
will piece the research together to form a
clearer picture of the volcano as a whole.
French geochemist Pierre Gauthier at
the Laboratoire Magmas et Volcans, oper-
ated by the Centre National de la Recherche
Scientifique at the University of Clermont-
Ferrand, works trom the rim. Gauthier, a
specialist in volcanic gases, collects gas in
a homemade device crafted from a noisv
Dennis Jackson has climbed with Ken Sims
for 30 years. Masaya was his first trip inside an
active volcano. "This guy has dragged me to
some pretty strange places," Jackson says of
Sims. "This may be one of the strangest."
handheld vacuum cleaner secured with silver
tape and powered by a motorcycle battery.
"In France, money for volcanology is
tight these days," Gauthier says. "So we
have to have a lot of ingenuity."
British volcanologists Tamsin Mather
and David Pyle of the University of Cam-
bridge, along with their postdoctoral in-
vestigator Melanie Witt, are interested in a
variety of metals emitted in the volcanic gas.
Among them is mercury, which is known to
be toxic to humans.
"We are trying to understand volcanoes
as a mercury source," Mather says. "How
much comes out ofvolcanoes? How does it
move around the Earth? What role does it
play in the environment? It we can under-
stand this at a couple of volcanoes, we can
start thinking about it on a global scale and
how such emissions are distributed."
Rounding out the expedition team are
Sims' two climbing friends, who help ensure
sate passage into the volcano.
The biggest
hazard the men encounter in
Masaya isn't an eruption, choking gas,
heat stroke, or collapsing crater walls. It is
the possibility of knocking loose rocks onto
each other as they climb. They avoid this on
the way into Masaya by descending one by
one and waiting behind huge boulders while
the others climb. It takes two hours to reach
the crater floor, but these men know that
sate climbing requires patience.
John Catto, 45, is a Rocky Mountain-
based adventure photographer and video
producer who met Sims in the early 1980s
while studying geology at Colorado Col-
lege. In addition to making several first as-
cents on mountains worldwide, Catto has
documented climbs as a cameraman and
producer for National Geographic Society
and The Discovery Channel, among others.
With the steepest part of the descent
behind him, Ken Sims hikes the final
rubble-covered slope to his destination. "It's
like walking on ball bearings," John Catto
says of walking inside a volcano.
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i French geochemist Pierre Gauthier, who
collaborates with Ken Sims to gather and
analyze volcanic gases, works from Masaya's
rim. Gauthier is a scientist at the Laboratoire
Magmas et Volcans, operated by the Centre
National de la Recherche Scientifique at the
University of Clermont-Ferrand.
Dennis Jackson, 64, is a professional
guide who has taught climbing to youth
and adults and has authored two books on
climbing. He has been climbing and guid-
ing with Sims for three decades.
Catto ventured into Masaya with Sims
in 2003, but this is Jackson's first glimpse
of the volcano. Standing at the southeast
side of the crater, his gaze drifts from the
droopy rim down the first 400-foot (121-
meter) slope coated with boulders and de-
hydrated volcanic crumbs. He notes the
200-foot (60-meter) vertical wall they will
rappel. His eyes finally stop at the slop-
ing, rock-strewn crater floor surrounding
the smoking crater, where they will set up
Sims' instruments.
"That looks pretty gnarly," Jackson says
before turning to read a sign posted tor
tourists. "En caso de explusion de rocas pu-
ede protegerse debajo del vehiculo," it says
in Spanish, next to the English translation:
"In case of expulsions of rocks, you can pro-
tect yourself under the car."
"This guy has dragged me to some pretty
strange places," Jackson says, nodding at
Sims. "This may be one of the strangest."
Volcanic
gases are created in hot, melt-
ing rock called magma, which resides
deep in the pressure cooker that is Earth's
mantle. It is driven upward by buoyancy
and pressure. As the magma draws near
the planet's surface, the pressure is relieved.
Gases are released and start to bubble, as
soda often does when you open a bottle.
Ultimately these gases break through
weak areas in the planet's crust and slow-
ly leak out of fumaroles, geysers, and hot
springs. More explosive eruptions, such as
Mount St. Helens, Vesuvius, and Krakatoa,
have made history.
When gas escapes, it immediately begins
r to change, coalescing around tiny particles
& in the air and forming a visible haze. On
5 sunny days, Masaya resembles a huge, smol-
:
-
dering bonfire as gas plumes slowly drift
5 up from the crater, flow over the rim, and
spread out.
Sims' goal is to catch the gas while it is
still concentrated long before it disperses
across the landscape and into the atmo-
sphere. He does this by getting right up to
the smoking conduit and sucking gas into
portable instruments.
One instrument gives him an immedi-
ate readout of gas compositions and con-
centrations. Another instrument gathers
tiny amounts of rare metals ferried out of
the mantle by the gas. They collect on thin,
round paper filters that he brings back to
WHOI for analysis.
Sims
can't pick up volcanoes and see
what's happening underneath, or travel
back in time to see how the planet was cre-
ated. But the volcanic gases and lavas pro-
vide him with clues to unravel the magmatic
processes that have shaped Earth's surface,
atmosphere, oceans, and climate over bil-
lions of years.
Plentiful varieties of gases emanate from
Masaya, including carbon dioxide, water va-
por, sulfur dioxide, and hydrogen sulf ide,
but Sims focuses on one that flows out in
tiny amounts: radon.
Radon is a colorless, odorless gas that
can be dangerous when vented naturally
from the ground and trapped in homes.
When inhaled, its radioactivity can lead to
increased risk of cancer. Masaya pumps out
a small but steady supply of radon in quanti-
ties that aren't harmful to people.
Radon comes from uranium, a naturally
occurring, radioactive element throughout
Earth's crust and mantle. During its long,
slow cascade of nuclear decay, uranium
transforms into other elements, including
radium, which produces its namesake gas.
"We can use the radon as a clock," Sims
says. Radon decays into various isotopes
with known half-lives. One isotope, radon-
222, for example, decays very quickly into
polonium-218 after it is released from a
magma chamber it has a halt-life of 3.82
days. By analyzing radon isotopes, Sims
can discern the timing of magmatic pro-
cesses and draw conclusions about how fast
the magma migrates from the mantle to
the surface.
"If you don't know the time scales over
which magma is generated and migrates to
the surface, your understanding of the sys-
tem is extremely limited," he says.
In the short term, knowing how quickly
volcanoes expel gas can help reveal if new
magma is coming into the magma cham-
ber a precursor for predicting imminent
eruptions.
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Getting
inside volcanoes also allows
S ms to capture gases with minute
quantities of metals called platinum group
elements, or PGEs.
Members of this group, among the rar-
est metals on Earth, include platinum, pal-
ladium, osmium, iridium, ruthenium, and
rhodium. They concentrate heavily within
Earth's core, says Bernhard Peucker-Ehren-
brink, a geochemist at WHOI.
Scientists estimate that more than 99
percent of the PGEs on Earth are in the
core. The remainder is mostly housed in the
mantle. These metals make their way to the
surface in magma and gas.
A small amount of PGEs, however, ar-
rive on Earth's surface via meteorites that
crash into the planet. PGEs from volcanoes
and from meteorites have distinct chemical
signatures.
"Each has its own fingerprint," Peucker-
Ehrenbrink says. "When we sample PGEs,
we are able to differentiate their source by
looking at the different ratio of elements
within the platinum group."
This geochemical tool will help resolve
a longstanding debate over what caused
mass extinctions throughout history, such
I John Catto is an adventure photographer
and video producer who Ken Sims met in the
early 1980s at Colorado College. This was his
second trip to Masaya with Sims.
as the demise of dinosaurs. Some scientists
say large-scale volcanic eruptions on Earth
roughly 65 million years ago released huge
volumes of particulates and heat-trapping
gases that dramatically changed global cli-
mate. Other scientists cite evidence that a
massive meteorite hit the Earth 65 million
years ago.
"We also may find that it was a combina-
tion of a major volcanic eruption and a giant
meteorite impacting the planet," Peucker-
Ehrenbrink says. "An eruption could have
caused the environment to deteriorate, and
a big impact hundreds of thousands of years
later may have been the final blow."
Studies
that exploit the forensic poten-
tial ofPGEs are now possible because of
technological advances that give scientists
I the ability to measure PGEs more precisely
f and efficiently, Sims says.
Still, Peucker-Ehrenbrink calls the Ma-
saya research "among the most difficult we
have done."
"First, we're working with extremely
small concentrations of PGEs," he says. Of-
ten they are looking for femtograms, or 10"
15
grams, ofPGEs in a cubic meter of air. That
leads to the second difficulty: The scientists
must assiduously prevent the introduction
of even the tiniest amounts of contaminants
that would corrupt any analyses.
A dust-strewn volcanic environment
makes this tough. At Masaya, Sims takes
great pains to make sure all his equip-
ment hoses, filters, gas-collecting instru-
ments are clean and protected by plastic
..
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i British volcanologists David Pyle (right), Tamsin Mather (center), and postdoctoral investigator Melanie Witt are interested in a variety of metals
emitted in gas at Masaya. Among them is mercury, which is known to be toxic to humans. "We are trying to understand volcanoes as a mercury
source," says Mather, a chemist from the University of Cambridge.
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i Ken Sims (center) uses stackable filters (upper left) to collect extremely small quantities of
metal particles ferried to Earth's surface in volcanic gas. Bernhard Peucker-Ehrenbrink (right),
a geochemist at WHOI, cuts paper filters to begin anaylses of samples that Sims brought back
from Masaya. Peucker-Ehrenbrink, Sims, and laboratory assistant Tracy Atwood (left) wear
protective clothing, masks, and gloves to prevent contamination of the samples.
A Pierre Gauthier collects volcanic gas in a homemade device crafted from a noisy handheld
vacuum cleaner. "In France, money for volcanology is tight these days," he says. "So we have to
have a lot of ingenuity." Gauthier conducts pioneering research to measure the rate at which
magma expels gases.
wrap and plastic bags. While gathering
samples in the crater, he carefully removes
each thin paper filter and places it into la-
beled and sealed plastic dishes for transport
to WHOI.
Peucker-Ehrenbrink and laboratory as-
sistant Tracy Atwood then begin analyses
by cutting each filter with ceramic scissors;
metal scissors could introduce contami-
nants. They then heat each paper pile in a
crucible at 1,832F (1,000C) with a small
amount of nickel and sulfur.
After melting, the PGEs form a small
bead at the bottom of the crucible, which is
dissolved in acid to filter out the now highly
concentrated particles. Finally, Peucker-Eh-
renbrink places these filters in a mass spec-
trometer, which measures the concentration
of each element within the samples.
The goal is to gather PGE information
from gases at the different volcanoes and get
an across-the-globe inventory of volcanic
PGE emissions.
The
crater floor of a volcano is an alien
nvironment. Scorched brown and
black rocks ranging in size from peas to
SUVs litter the ground where the crater's
walls have collapsed. There is little wind,
no vegetation, and zero shade. The sloping
floor crunches and slips under the climbers'
hiking boots.
"It's like walking on ball bearings," Cat-
to says. The rocks are sharp, too. "If you
slip," he says, "you're going to end up look-
ing like pizza."
From here, just meters from the cra-
ter, the exhaling gas sounds like the slow
whoosh of a wave against a beach. It doesn't
take long to set up Sims' instruments, which
he powers using a motorcycle battery pur-
chased in the town of Masaya.
For two days he collects radon; on the
third, he collects metals. While the ma-
chines take in the gas, the men cautiously
explore the crater. Once they find an orange
rubber ball, perhaps tossed in by a tourist,
which they bounce around until it is lost in
the rubble. Mostly, they sit together and oc-
casionally talk in muffled voices through
their masks.
Long
before Sims discovered geology and
chemistry, he began climbing moun-
tains. He was 6 wh,en he began hiking
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with his father near his Colorado Springs
home. When he was in the third grade, they
reached the top of Pikes Peak. By 14, he
took up technical rock climbing, using ropes
and belays to scale vertical faces.
In junior high and high school, he took
accelerated classes, which allowed him to
spend his last six months of high school in
Scotland. There he climbed 1,500-foot ice
walls and began guiding others on climb-
ing expeditions.
He returned to the United States in
1978 and spent the next 20 years teaching
rock and ice climbing in New Hampshire
at the Eastern Mountain Sports Climbing
School and outdoor recreation skills in Col-
orado with Outward Bound. At the Santa
Fe Mountain Center, he mentored adult
and juvenile criminal offenders, teaching
them outdoor skills during weekslong back-
packing trips.
He climbed throughout the Western
United States, Peru, and Europe on frozen
waterfalls and massive rocks with names
like the Witch, the Shield, Cochina Spire,
Argon Tower, Washington Column, and
El Capitan. While building his climbing
resume, he also returned to academics.
"After all the time I spent hanging
around rocks, geology seemed like a logical
course of study," he says.
His studies at Colorado College, the
University ofNew Mexico, the University
of California, Berkeley, and at WHOI fo-
cused on how magma originated and moved
within Earth's mantle. It wasn't until he was
stuck in a 2002 snowstorm in Antarctica for
a week with Gauthier that he began think-
ing about collecting his own samples of ra-
don close to their source.
"It hadn't been done before," he says.
"And I knew it was the missing link to un-
derstand volcanoes from bottom to top, from
the mantle source to the erupting lava."
The
trip out of Masaya's maw takes two
hours. Again, for safety, the men go
one by one. Catto arrives first.
"Man, am I glad to be out ot that hole,"
he says. He drops his backpack with a thud
and probes his mouth with a dusty index
finger, relieved to find his teeth intact.
Halfway up the climb, a rock fell over a ver-
tical drop and hit the top of his red helmet,
slamming his jaw shut and knocking him to
his knees.
lackson emerges next and immediately
checks to see that Catto has not been in-
jured. He then points to a spot in the can-
yon wall where green parrots, which fly into
the volcano to roost at night, have dive-
bombed him. The men share a tired laugh.
Sims arrives 10 minutes later as the sunset
turns the sky orange and purple. He chugs a
half-liter of water, then smiles and explains
in his quiet voice that he's pleased with his
sampling. By the end of the trip, the men will
make three treks inside Masaya and gather
dozens of samples and radon recordings.
It will be a year or more before Sims,
working with colleagues, can conduct their
analyses and publish peer-reviewed pa-
pers on their findings. It's likely that years
will pass before he and other scientists
can make conclusions about volcanoes and
magmatic processes.
But one thing is for sure: They are tired
and want to celebrate this small step toward
a bigger understanding of the planet. They
talk of hot showers, cold beers, and vegetar-
ian burritos at a restaurant in town. Togeth-
er they walk to the car. Jackson mentions
that he's worn out.
"Science has been advanced today," he-
says. "My body has not."
Amy E. Neva/a
Fundingfor Ken Sims' research comesfrom
the National Science Foundation Divisionsfor
Earth Sciences, Ocean Sciences, and Polar Pro-
grams. The Deep Ocean Exploration Institute
at WHOI assisted with travelfunding. Sims
gratefully acknowledges officials at Parque N,i-
cional Volcdn Masayafor their support.
Kilauea Volcano, Ha Volcano Hopping
WHOI geologist Ken Sims samples gas and
lava from volcanoes on many continents.
Nyiragongo Volcano, Congo (Zaire)Mount Erebus, AntarcticaMount Masaya, Nicaragua
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If
you think U.S. Census Bureau officials have their hands full
locating and counting everyone who lives in the United States,
consider the men and women at the National Oceanic and Atmo-
spheric Administration's National Marine Fisheries Service who are
charged with counting tish in U.S. waters.
Their mission is to prevent the decline offish stocks and the
loss of habitats that fish and shellfish need to breed, spawn, feed, or
grow. But a whole lot ofwater gets in the way of their ability to lo-
cate those essential habitats and to estimate fish stocks.
In recent years, scientists at Woods Hole Oceanographic Insti-
tution have been lending a hand, applying new technologies and
methods to see into the sea and help assess and maintain fisheries.
New undersea camera system sizes up scallop populations
Part
of the fun of fishing is never know-
ing exactly what might be swimming
around beneath you. But that mystery is a
major annoyance when it comes to keeping
track offish populations.
Now, a new undersea camera is bringing
light to the pitch-black depths ofNew Eng-
land's scallop beds. Called HabCam (short
for "habitat mapping camera system"), the
device was developed by scientists at Woods
Hole Oceanographic Institution (WHOI)
working with Cape Cod scallop fishermen.
Fishery managers hope to use the invention
to take sharp images ot the seafloor and
then automatically count and measure scal-
T Can you find three skates in this seafloor
photomosaic? The images were taken by
a newly developed camera system called
HabCam, which also can automatically count
and measure scallops.
lops on the bottom.
Contrast that with the current technique
for monitoring scallop stocks: For 30 days
each summer, a research vessel blindly drags
an 8-foot-wide dredge across 500 miles (800
kilometers) of ocean bottom, one mile at a
time. After shoveling through the catch,
measuring the scallops, and estimating how
many the dredge left behind, biologists such
as Dvora Hart of the National Marine Fish-
eries Service (NMFS) decide on the year's
allowable catch.
The exhausting sampling program
works. It's one reason the U.S. Atlantic
scallop fishery has become one ot the big-
gest fisheries in the world and one of a few
whose stocks are expanding. Last year's
catch was worth about $400 million, five
times the 1998 catch, Hart said.
HabCam adds 21st-century efficiency
to the practice of dredging. It brings back
photos of the seafloor instead ot pieces of
it. WHOI scientist Scott Gallager and col-
leagues built a high-resolution camera and
four very bright strobe lights all housed in
a 10-foot-long cage of bright-yellow welded
pipe. Festooned on every corner with cush-
ions of tire rubber, it's rugged but hardly
streamlined.
"It looks like the roll cage on a double-A
fuel dragster," said Richard Taylor, a retired
commercial scallop fisherman and one of
Gallager's collaborators.
A commercial scallop boat, the F/V
Kathy Marie, tows the device at about 10 feet
(3 meters) above the seafloor, traveling at 3
to 5 knots. Onboard, scientists and fisher-
men can watch the seafloor go by, 230 feet
(70 meters) or more below, as a fiber-optic
cable brings camera images back onboard.
Now, instead of shoveling through
dredge piles on deck, the HabCam team
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has to make sense of more than 300,000
images up to 1,000 gigabytes of data per
day. The individual photos, four to five of
them taken per second, must be pieced to-
gether into continuous strips, or photomosa-
ics. Then the strips have to be corrected lor
the way light behaves under water.
At first, even under the flash ot the lour
strobes, images are murky and the colors are
washed out. So Norman Vine spends much
of his time on image processing.
"I'm trying to pull the plug and drain all
the water out of the picture," he said. Vine
is a retired commercial fisherman, lifelong
computer hacker, and son of Allyn Vine, the
\VHOI engineer for whom the deep-diving
sub Alvin was named.
When Vine is finished, the images are
crisp and bright, as it they were taken Irom
a glass-bottomed boat on a sunny day. Next,
a computerized process called segmentation
automatically extracts outlines of fish and
shellfish trom the jumbled background ol
sand, rock, and seaweed.
Gallager's group collaborates with re-
searchers at Los Alamos National Laborato-
ry who are developing new ways to segment
complicated images. "They consider sealloor
images to be a real challenge," Gallager said.
After segmentation, another program classi-
fies the extracted targets into real categories
such as scallop, flounder, starfish, and sea
grass. That program uses advanced pattern
recognition sottware developed with help
from WHOI biometrician Sanjav Tiwari.
A HabCam (short for "habitat mapping camera system") is hoisted aboard the scallop boat
Kathy Marie for a test run.
HabCam won't replace dredging alto-
gether, Hart said, because biologists still
need to make some actual measurements.
But HabCam is easy to use (day or night).
It provides 100 percent visual coverage and
fine spatial detail (compared with dredges,
which miss many scallops and bring the
whole catch up at once). It offers real-time
images, allowing surveyors to double back
on interesting areas.
HabCam promises a major advance in
scallop monitoring, helping fishery manag-
ers judge when they should close or reopen
precise portions ol the ocean. Next year,
when NMFS' new research ship Henry B.
Bigelow goes into service, Hart plans to put
HabCam through its paces while making
simultaneous dredge runs for comparison.
Meanwhile, the Alaska Department of Fish
and Game is building a replica ot HabCam
from Gallager's specifications to assess its
scallop fishery.
Hugh Powell
Development ofHabCam was funded by
the
scallop industry's Scallop Research Set-Aside
Program. At the end of each scallop season, pro-
ceedsJrorn aJew final days offishing are depos-
ited in an account used tofund research. NOAA
NMFS supports continuing work on image
classification. Test runs using the /*7FKathy
Marie -were courtesy ofownerArnie DeMello
and Caff. Paul Rosonina. Other collaborators
include WHOI staffJonathan How/and, An-
drew Girard, LaneAbrams, and Hanu Singh;
Cape Codfisherman Ron Smo/owifz; and
NMFS biologist Paul R . ; g .
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Robot swims over rocky road where trawls dare not go
To survey
seafloor populations of rock-
fish, the National Marine Fisheries
Service (NMFS) has relied on sampling
with bottom trawls. The method has inher-
ent limitations.
"Rockfish live on rocks, and trawls get
stuck on rocks," said Elizabeth Clarke, di-
rector of the NOAA Fishery Resource
Analysis and Monitoring Division in Se-
attle, Wash. "We have lots ot untrawlable
areas, and our bottom trawl surveys cannot
go into those areas."
Another option, sonar, doesn't work well,
because it is hard to distinguish between
sound signals reflected off rocks and off fish
buried amid rocks. So NMFS tested anoth-
er alternative: SeaBED, the underwater au-
tonomous vehicle developed at Woods Hole
Oceanographic Institution (WHOI) by As-
sociate Scientist Hanu Singh and colleagues
in the WHOI Applied Ocean Physics and
Engineering Department.
SeaBED flies about 8 feet (2.5 meters)
above the seafloor, flashing its strobe light
and snapping a photo every three seconds.
It maintains a constant altitude and speed
of a Vi knot.
"Most people ask us, 'How fast do you
go?' Singh said. "We're proud about how
slow we can go."
In 2005, NMFS dispatched SeaBED
and Singh's team to survey seafloor fish
proposed for protection off the coasts of
Oregon and California. SeaBED collected
30,952 high-quality photos that WHOI sci-
entists blended together into large photo-
mosiacs of rockfish habitats.
"The images were great," Clarke said.
"The fish were easy to identify. We saw in-
vertebrates tucked in all around the rocks,
as well as the fish. The photomosaics give
us a large perspective, so we can see the re-
lationships between geological features,
fish, and invertebrates."
To store, manage, and analyze this over-
flowing treasure trove of images, Vicki Fer-
rini, data manager of the National Deep
Submergence Facility at WHOI, created
FISH_ROCK, a computer software tool
that gives scientists the ability to identify
and count organisms in digital seafloor im-
ages. Using FISH_ROCK, scientists can
annotate each image with information about
the numbers and kinds ot fish, inverte-
brates, and seafloor characteristics (boul-
ders, sand, pebbles, mud, etc.). The software
also marries SeaBED's
precise navigation data
to each photo. So with
a few keystrokes, sci-
entists can automati-
cally search and sort
the photo database
to count the number
of specific rockfish
such as hake or bocac-
cio in a given area, for
example, or determine
the particular environ-
ment they prefer.
"We've never had
anything like this tool
before," Clarke said.
"It's a lifesaver that is
essential to getting our
work done."
Clarke said SeaBED is cost-effective. It
can cover a lot of territory, photographing 3
to 6 miles (5 to 10 kilometers) on a typical
six-hour dive. It runs autonomously, so that
a research vessel can simultaneously conduct
other research while SeaBED completes
its mission. And it is controlled by a laptop
computer, so SeaBED can also be used on
less-expensive vessels, such as fishing boats.
Lonny Lippsett
i A photomosaic of clear images of a rocky
seafloor (above) gives scientists a new way
to assess rockfish populations and habitats.
The images were taken by the undersea robot
SeaBED, developed in the lab of Hanu Singh
(below) of the WHOI Applied Ocean Physics
and Engineering Department.
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Listening for telltale echoes from fish
In
the 1970s, scientists happened upon a
curious phenomenon about sound waves
in the ocean and swim bladders in fish:
Bony fish have gas-filled sacs inside their
abdomens called swim bladders, which help
them maintain buoyancy in water. When
low-frequency sound waves (the kind used
by the Navy to track submarines, or by in-
dustry to search tor oil and gas beneath the
seafloor) come in contact with swim blad-
ders, they resonate much like a tuning fork
and return a strong echo.
For decades, Tim Stanton, a scientist
at Woods Hole Oceanographic Institution
(WHOI), made a mental note of this phe-
nomenon, thinking about how it could best
be exploited someday to help detect fish.
That is something the Navy (to use sonar
more effectively) and the National Marine
Fisheries Service (to assess fish stocks) are
both keenly interested in. For the latter,
low-frequency sonar systems were too large
and expensive tor practical use.
Stanton kept the idea in the back ot his
mind during the 1980s, when he was a sci-
entist at the University ofWisconsin, Madi-
son, where Dezhang Chu, now Stanton's
colleague in the WHOI Department ofAp-
plied Ocean Physics and Engineering, was
a graduate student, along with Mike Jech,
now a scientist at the Northeast Fisher-
ies Science Center in Woods Hole. Stanton
watched the development ot smaller, cheap-
er commercial low-frequency sonar systems
made to survey the seafloor, both for ma-
rine geology research and tor the oil and gas
industry to site offshore rigs and pipelines.
By the end of the 1990s, Stanton, Chu, and
Jech thought the time was ripe to adapt the
technology to count fish.
Rnded
by the Office of Naval Research,
tanton bought a low-frequency sonar
system a bright yellow, snazzy-tinned de-
vice that looks like a cross between a 1950s
Cadillac and something out ot Star Wars. But
he didn't get it because of its looks. Towed
on a line by boat, the sonar transmits a near-
ly continuous broad range of low-frequency
sound waves, from 1 to about 100 kilohertz
(kHz). In contrast, conventional "fish find-
ers" transmit and detect sound at only a sin-
gle high frequency 120 kHz, for example.
The strength of the echoes from objects
in the ocean strongly depends on sound
frequency. Low frequencies provide essen-
tial information, because those are the ones
that detect gas pockets in the seafloor and
in the fish bladders. Transmitting a broad
range of low frequencies is also critical, Jech
said. Just as light spans a spectrum ot wave-
lengths representing colors, sound waves
can be transmitted over a wide range ot fre-
quencies; the greater the range ot frequen-
cies you transmit, the greater the variety
and detail of sound signals and potential
information you get back.
"It's like seeing in just black and white,
versus in color," Jech said, pointing to a red
buoy and a green buoy bobbing in the waves
outside his window. "If they were in black
and white, you couldn't distinguish be-
tween them."
The low-frequency
sonar had never before
been used to look tor fish. Enlisting the
expertise ot WHOI Research Specialist Jim
Irish, Stanton and Chu field-tested it to see
what signals it could collect in tanks at the
University ofNew Hampshire; in a Florida
lake, and on two one-day cruises aboard the
WHOI coastal research vessel Tioga. Then
in 2005, it was time to test the system on the
real thing: Atlantic herring in deep water
over Georges Bank.
"We had a three-day window of oppor-
tunity to test," Stanton said. "We slept very
little for those three days."
They towed the sonar system near the
surface and deep in the water, over and
through fish schools. For comparison,
they also collected sound data from a con-
ventional, high-frequency 120 kHz, hull-
mounted sonar system.
"To minimize or eliminate impact on
marine mammals," Jech noted, "we are very
careful when we do our experiments to keep
the transmitted sound level low, and we use
directional beams, much like a flashlight
directs light in one direction."
Once the sound data were collected, the
work truly began. Much the way astrono-
mers analyze radio or gamma waves gath-
ered by space probes to discern what's out
i Scientists adapted a low-frequency sonar
system, originally designed to survey seafloor
geology, to identify fish and zooplankton.
there in the universe, acousticians such as
Stanton, Chu, and Jech have conducted
years of laboratory experiments so that they
can interpret sound signals that can illumi-
nate the depths.
Instead of detecting blurry patches of
fish, as they would with traditional sonar,
the scientists used data from the new sys-
tem to detect individual fish and determine
that tish swimming in adjacent schools
were, in fact, the same size. The team was
also able to discern that herring swim blad-
ders resonated at a specific frequenc\
3 kHz giving them the ability to detect
specific species.
That not only demonstrates the value
of using the sonar system to detect fish via
their bladders, it opens new possibilities.
With funding from the National Oceanic
and Atmospheric Administration, the team
will now explore using this broadband sonar
sysem to distinguish fish from shrimp and
other zooplankton, which have their own
particular acoustic "fingerprints." They may
be able to learn how to distinguish herring
from cod, which may resonate at 1 kHz,
or sharks and tuna, which don't have swim
bladders, Jech said. And they may even be
able to decipher frequency variations that
could distinguish the smaller swim blad-
ders of juvenile herring from larger ones ot
adults, and thus get a handle on the demo-
graphics offish populations.
Such information is "vital from a fish
management standpoint," Stanton said,
"but it would also be valuable for biologii
studying life in the oceans. We're tryi
take an old fundamental discover}- ;
new technology, bring it to life.'
Lo>:
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Scientists search for risks and remedies from the sea
With
a rising tide of harmful algal
slooms and waterborne pathogen-
ic microbes causing illnesses and closing
beaches and shellfish beds, policymakers
recognized a growing need to examine links
between the oceans and human health. But
few links existed between oceanogaphers
and scientists specializing in human health.
In 2004, two federal scientific agen-
cies that rarely interacted embarked on
a groundbreaking collaboration, which
sparked a cascade of novel partnerships. The
National Science Foundation's Division ot
Ocean Sciences and the National Institute
of Environmental Health Sciences created
four Centers for Oceans and Human Health
(COHH) around the country, including
one in Woods Hole, Mass. Each center har-
nessed the expertise and resources of scien-
tists from several institutions and disciplines
to study "risks and remedies from the sea"
(the remedies being potential pharmaceuti-
cals trom marine sources).
The Woods Hole Center for Oceans and
Human Health, for example, has brought
together physical oceanographers, bio-
logical oceanographers, microbiologists,
and genomics experts from Woods Hole
Oceanographic Institution (WHOI) , the
Marine Biological Laboratory, and the
Massachusetts Institute of Technology, said
John Stegeman, director of the center and a
WHOI biologist.
"The ocean is a turbulent, fluid medium
that's changing all the time," said Dennis
McGillicuddy, a WHOI physical oceanog-
rapher and the center's deputy director. "To
make significant progress in health con-
cerns, we have to grapple with how physics,
biology, and chemistry intersect and inter-
act. It's really a fundamentally new direction
for this research."
In its first two years, the Woods Hole
COHH launched several investigations on
algae, bacteria, viruses, and other organisms
that threaten to compromise the safety of
our seafood supply and the commercial and
recreational use ot coastal waters.
The oceans are filled with microbes. Some are nasty.
Every
time you swim at the beach, you
a e surrounded by zillions of bacteria.
There is no escaping them: One drop of
seawater contains about 1 million bacteria.
Of these, upwards of 10,000 are called vib-
rios, a diverse group ot naturally occurring
microbes responsible for 95 percent of all
seafood-related deaths.
Before you cancel your summer vacation,
however, here's the punch line: It is highly
unlikely that you will ever swim among vib-
rios' pathogenic strains the kind that can
make you sick to your stomach, or worse.
Your chances of coming across nasty vari-
eties of vibrios in New England waters are
not much better than the guy with the met-
al detector finding a pot of gold beneath a
sand castle.
But vibrios are out there, and a cause for
concern. The bacteria have caused illnesses
in other regions. Handlers of aquacultured
fish and shellfish continually take steps to
ensure that vibrios don't show up in their
stocks. And recently, scientists found vibrio
infections in other animals, such as corals.
Particularly intriguing is vibrio's seem-
ingly split personality. Residing among
harmless vibrio populations are small
amounts of pathogenic varieties with an
"Incredible Hulk" alter ego that can bring
people to their knees. Under the right con-
ditions, these nasty strains can grow ram-
pant in what scientists call a bloom event.
"It may be a completely random event,
but more likely it's triggered by environ-
mental factors," said Martin Polz, a micro-
biologist and ecologist at the Massachusetts
Institute of Technology. Funded by the
Woods Hole Center for Oceans and Human
Health, Polz and Jim Lerczak, a physical
oceanographer at Woods Hole Oceano-
graphic Institution, are hot on vibrios' rod-
shaped bacterial tails. Their goal is to figure
out the conditions that favor the transforma-
tion of benign vibrios into virulent ones.
Of the 60 or 70 vibrio species that have
been described, Polz and Lerczak are fo-
cusing on two: Vibrio vulnificus and Vibrio
parahiiemolyticits.
"We're always exposed to Vibrio viil-
i In July, WHOI physical oceanographer Jim Lerczak used surface drifters in the estuary of Plum
Island Sound, north of Boston, to track the movements of surface waters over 24 hours.
32 o<
- Sarah Chang, a Wellesley College student,
collects a water sample in the estuary of Plum
Island Sound. Samples were collected each
hour over a 24-hour period to explore vibrio
population dynamics over tidal cycles.
nificus and Vibrio pnrcibaemolvficus Vib-
rio
vulnificiis is always in oysters but the
pathogenic strains are very rare," Polz said.
In extreme, rare cases, the two strains
can be really dangerous. V. vulnificus causes
systemic stomach and bloodstream infec-
tions often fatal and blistering skin
lesions that can require amputation of in-
fected arms or legs. Eating raw or under-
cooked shellfish is the most common route
of infection. People whose immune systems
are compromised or who suffer from liver
disease or hepatitis are most at risk.
V. parahaemolyticus causes acute diarrhea
and stomach cramping if consumed in in-
fected shellfish. It causes wound infections
if it enters the body through a skin lesion.
Over the past decade, health providers have
documented more and more V. parahaemo-
lyticus infections; in one case in 1997, more
than 200 people became sick, and one died.
Polz suspects that exposure to vibrio bac-
teria may turn out to play a role in routine
eye, ear, and skin infections. But the link
between vibrios and human health remains
a big question mark. Though vibrios have
been integral parts of marine ecosystems for
millions of years, researchers lack funda-
mental knowledge about what kinds of vib-
rio populations are out there, what factors
affect their growth and distribution, and
the biggest question of all how and why
pathogenic strains arise.
Polz and Lerczak make a strong interdis-
ciplinary team: Polz knows how microbes
work, and Lerczak knows how oceans work.
In 2005, they launched tieldwork in Plum
Island Sound off Massachusetts an estu-
ary typical of many in the Northeast, Lerc-
zak said, and one whose physics, chemistry,
and ecology have been well-documented
since the late 1980s. Plum Island Sound
has big tides and fast currents that act as a
blender that mixes ocean and river waters
relatively quickly.
The scientists tracked vibrio populations
and measured environmental conditions
including temperature, salinity, nutrients,
and tides throughout each of four seasons.
Preliminary results show that temperature is
a big factor. Vibrios grow better in the sum-
mer, and the threshold number is 61F (16
C), Polz said; once the water warms, vib-
rio populations can double in one hour and
shift toward potentially pathogenic strains.
Next, the team will test the effect of tidal
changes. The team headed out in July with
an instrumented drifting device to literally
follow a parcel of water up and down the
estuary and measure how its physical and
chemical properties change along the way.
By the end of the five-year study, the
team will have some basic information about
the ecological factors that regulate vibrio
populations. Lerczak said the COHH study
could help scientists predict or even prevent
outbreaks that affect human health.
"Scientists have to study the system as
it evolves in order to get the data necessary
to someday be able to better predict when a
vibrio outbreak may occur," he said. "We're
looking at little pieces of the puzzle now."
According to one theory, viruses could
be culprits. Pathogenic and non-pathogenic
vibrios differ just by a few genes, Polz ex-
plained. Viruses, ubiquitous in the marine
world, may insert nasty genes into otherwise
benign vibrio cells.
"The bacteria are incredibly diverse, and
(studying them) is a challenge," Polz said
"But microbes keep the entire ocean g<
Ifyou want to understand the oceans,
have to understand the microbes.
And vice versa.
Krhten M. Kustk
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Building a computer model to forecast red tides
The
algae Alexandrhim fundyense are noto-
rious for producing a toxin that accumu-
lates in shellfish such as clams, mussels, and
oysters, leading to paralytic shellfish poison-
ing in humans. The microscopic plants are
naturally distributed in New England waters,
but in some years 2005, for
example a confluence of
factors causes major red tide
blooms that spread down the
coast from Maine to Massa-
chusetts and force officials to
close shellfish beds.
To protect consumers and
the livelihoods of shelltish-
ermen, researchers would
like to be able to forecast
when and where Alexandrium
will bloom and to explain
how and why. In a project
sponsored by the Woods
Hole Center for Oceans and
Human Health, scientists
Dennis McGillicuddy and
Ruoying He ofWoods Hole
Oceanographic Institution
(WHOI) have developed a
mathematical model of Alex-
andrium dynamics a series
of equations that captures
the physical and biological
factors involved in harmful
algal blooms in New England.
Working with colleagues in the biology
lab ofWHOI Senior Scientist Don Ander-
son, McGillicuddy and He entered a range
of factors into their model: the speeds and
directions of ocean currents, water tem-
perature and salinity, winds, surface heat
exchanges, tides, river runoff, and the dis-
tribution and behavior ofAlexandrium cells
in the water and in seafloor sediments. The
team aided by WHOI researchers Valery
Kosnyrev, Olga Kosnyreva, and Larry An-
derson also incorporated other computer
A WHOI scientists Dennis McGillicuddy (left) and Ruoying He deploy a drifter
to observe the flow of currents around the Bay of Fundy during a May 2005
cruise on the research vessel Oceanus.
models that describe waterborne nutrients,
solar radiation, and large-scale motions in
the North Atlantic Ocean.
"The beauty of a numerical model,"
McGillicuddy said, "is that it can be used
to investigate extraordinarily complex sys-
tems by posing the problem in terms of a
few guiding principles expressed as math-
ematical equations."
Plug numbers into the equations, and
the model develops a big picture of how the
algae spread as a result of the interactions
of all those variables. Using a 32-processor
"mini-supercomputer," as He
calls it, it can take two days
to make all of the calcula-
tions necessary to simulate
three months ofAlexandri-
um dynamics at more than
a million different points in
the Gulf of Maine.
The project has been un-
der way for several years, but
the work grew more intense
and fruitful in 2005. A dev-
astating bloom provoked re-
searchers from WHOI and a
dozen federal and state agen-
cies to launch a substantial
effort to gather observations
_
of ocean conditions during
g the event. That fieldwork,
I
funded by the NOAA Cen-
5 ter for Sponsored Coastal
s Ocean Research, has allowed
He and McGillicuddy to run
an extensive "hindcast" of
the 2005 bloom; that is, they
were able to plug real envi-
ronmental data into their computer model
and see if it could reproduce what actually
happened.
"We wanted to compare the model
against new observations to see ifwe re-
ally understood the system or ifwe were just
fooling ourselves," McGillicuddy said.
i WHOI scientists created a computer simulation of the historic 2005 toxic algae bloom in New England. Red denotes high algae concentrations;
blue the lowest. Algal cells germinated from cyst beds in the Bay of Fundy and along the Maine coast and were swept south and west by currents.
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A WHOI scientists were back on Oceanus this spring, taking measurements to see how the 2006 season would develop in the aftermath of the
record 2005 harmful algal bloom. A WHOI researcher awaits deployment of a CTD rosette in stormy conditions in the Gulf of Maine.
The model successfully captured how
intense northeasterly winds and prodigious
river runoff in the spring, coupled with a
huge seed population ofAIexandrium cysts,
blossomed into a red tide that blanketed
New England waters from Canada's Bay
of Fundy to Martha's Vineyard. The event
had an estimated $20 million impact on the
seafood industry in New England, accord-
ing to researchers at the WHOI Marine
Policy Center.
The principal flaw in the model's 2005
projection is that it could not replicate the
end of the bloom, which occurred in July.
"What processes regulate the end of a bloom
and make it shut down?" asked He. "We just
don't know enough yet about mortality in
Alexandrium, and we are still trying to im-
prove the modeling ot this process."
But the team was encouraged enough to
try to track the 2006 season as it developed.
He and McGillicuddy plugged in field ob-
servations this spring, letting their model run
into the future and then seeing how well it
did. So far, their computerized bloom seems
to jibe with the blooming realities of 2006.
Mike Car/owicz
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Scientists find legions of Leg/one/fa bacteria in the sea
Salty
ocean water can be a nuisance. It's
undrinkable, and it corrodes nearly ev-
erything it touches. But salt water's inhos-
pitality has always had one benefit: The salt
kills microbes, making the ocean a fairly
antiseptic environment. Or so we thought.
In the late 1990s, oysters
in Chesapeake Bay began
turning up infested with
Cryptosporidium, a fresh-
water microbe familiar to
backpackers who drink un-
filtered stream water. It
causes diarrhea and is oc-
casionally fatal in young or
weakened people.
Then last year Rebecca
Gast, a biologist at Woods
Hole Oceanographic Insti-
tution, found another com-
mon freshwater microbe in
the Great Salt Lake, Utah:
Legionella. Several species of this bacterium
cause Legionnaires' disease, an illness that
causes pneumonia, confusion, and fatigue.
Suddenly, the possibility arose that
freshwater microbes traveling by stream,
gutters, and sewage systems might be sur-
viving the jump into salt water.
So for the past year, Gast and colleague
Linda Amaral-Zettler of the Marine Bio-
logical Laboratory in Woods Hole have been
conducting a sampling project to see what's
actually lurking out there in the oceans.
"People have not paid attention to this,"
Amaral -Zettler said. "We need to examine
Mark Dennett of WHOI and
Linda Amaral-Zettler of MBL
investigate microbe popula-
tions in Mount Hope Bay, R.I.
the extent of the problem whether human
pathogens end up in the coastal marine en-
vironment, how they are distributed, and
how they persist."
With funding from the Woods Hole
Center for Oceans and Human Health, they
have been working in nearby
Mount Hope Bay. Wedged
between Fall River, Mass.,
and Bristol, R.I., the bay
receives plenty ot runoff,
which can be rich in the nu-
trients and organic matter
that microbes thrive on.
Mount Hope Bay also has
relatively warm waters that
might make it easier for hu-
man pathogens to survive,
Gast said. The summer sun
heats the shallow bay, and a
power plant empties water
approaching human body
temperature (98F or 37C) into the bay.
Initial findings proved a basic premise in
marine microbiology: "The more you look,
the more you find," Amaral-Zettler said.
Samples taken in 2005 turned up 32
strains of Legionella. Subsequent DNA typ-
ing indicated that none were the strain re-
sponsible for Legionnaires' disease. Still, the
saltwater discovery was unexpected.
"We're seeing a huge diversity of Legionel-
la in marine environments that mirrors what
people see in fresh water," Gast said. After
combing through a hefty green textbook ti-
tled simply Legionella, Gast still hasn't found
the names of the 32 strains or whether
they've been formally described at all.
New to science or not, it would help
to know whether the Legionella in Mount
Hope Bay can make beachgoers sick. To
find out, Gast found published DNA se-
quences for disease-causing genes in other
Legionella. Now, she is constructing experi-
ments that will look for those harmful genes
in the Legionella from Mount Hope Bay.
Gast and Amaral-Zettler started look-
ing tor pathogenic Legionella because of a
quirk: The bacteria can invade amoebae and
in doing so become more virulent. Amoe-
bae fight infections by trying to digest the
invaders. That's the same way human white
blood cells operate, so Legionella cells that
have survived inside amoebae also tend to
foil human immune systems.
The two scientists are also testing the
Mount Hope Bay samples tor two kinds of
amoebae that cause problems all on their
own: Naegleria and Acanthamoeba. People
most often encounter Naegleria by taking a
dip in warm, stagnant fresh water. Though
cases are rare, it causes a brain infection that
is fatal. Acanthamoeba is more widespread,
found in fresh to salty water, and even con-
tact lens cases. It can cause persistent eye in-
fections and occasionally attacks the brain.
Next, Gast and Amaral-Zettler will test
samples tor Cryptosporidium and Giardia,
another common stream-water microbe that
can cause desperate sprints to the bathroom.
Hugh Powell
Researchers mobilize to see what Hurricane Katrina stirred up
When the levees broke in New Orleans
after Hurricane Katrina, officials feared
that Lake Pontchartrain, the second-largest
saltwater lake in the United States, might be
infiltrated with disease-causing microbes.
Rumors circulated that people died from
wound infections caused by Vibrio vulnifi-
ctts, said MIT microbiologist Martin Polz.
Polz is part of a team of scientists mobi-
lized by the Woods Hole Center for Oceans
and Human Health to assess the situation
in New Orleans. Polz is working with two
other Woods Hole biologists, Rebecca Gast
of Woods Hole Oceanographic Institution
and Linda Amaral-Zettler of the Marine
Biological Laboratory, to study how the
hurricane affected microbe populations in
Lake Pontchartrain and the possible im-
pacts on human health. Collaborators in-
clude teams at the University ot Hawaii, the
University of Miami, and Louisiana State
University.
The scientists have taken, and are ana-
lyzing, water and sediment samples to assess
microbial life in Lake Pontchartrain after
Katrina. In the long term, Polz said, health
impacts from waterborne diseases will prob-
ably be minimal because the volume of wa-
ter entering the lake after the levees broke
was less than 5 percent of the total lake vol-
ume, he said. And salt water is frequently
flushed between lake and ocean.
Still, Amaral-Zettler said, "We want
to be able to say, 'This is what is there, not
what we think is there.'
"
Krisfen M. Knsek
36 Oi
AROUND WHO
Robert Gagosian retires as
WHOI president and director
Robert B. Gagosian retired
July 17 as president and director
ofWoods Hole Oceanographic
Institution, a position he held
tor 12 years. James R. Luyten,
executive vice president and for-
mer director ot research, became
acting president and director.
A transition has been in mo-
tion for some time, as Luyten
has accepted increasing respon-
sibility over the past year for
key issues and challenges facing
the Institution. Luyten agreed
to serve for the duration ot the
search for a successor to Gago-
sian, which is expected to take
at least 12 months.
Gagosian cited interest in
"moving to a role of broader im-
pact to advance oceanography
nationally and internationally."
He will assume the title presi-
dent emeritus.
James Moltz, chairman ot
the WHOI Board of Trustees,
noted that Gagosian had
achieved his goals, includ-
ing the creation of the cross-
disciplinary Ocean Institutes
(Ocean Life, Deep Ocean Ex-
ploration, Ocean and Climate
Change, and Coastal Ocean); a
project to redevelop the Quis-
sett campus and construct new
laboratories; the launching of
the new coastal research vessel,
Tioga\ securing funding to re-
place the 42-year-old research
submarine, Alvin; and com-
pleting 75 percent of the Insti-
tution's current campaign by
raising $150 million.
Stepping in as acting director
ot research, a position vacated
bv Luvten's move, is Laurence
Madin, director of the Ocean
Life Institute and former chair
of the WHOI Biology De-
partment. Madin has worked
in biological oceanography
for more than 35 years, com-
ing to WHOI as a postdoctoral
scholar in 1974. He intends to
maintain his research program,
which focuses on the ecol-
ogy and behavior ot gelatinous,
open-ocean marine animals.
Succeeding Madin as di-
rector of the Ocean Life Insti-
tute (OLI) is Cabell Davis. He
came to WHOI as a postdoc-
toral investigator in the Biology
Department in 1982, became
Robert B. Gagosian
a senior scientist in 1999, and
was an OLI tellow from 2003
to 2005. Davis combines high-
resolution digital holography,
in-sifit DNA analysis, and au-
tonomous underwater vehicle
technology to explore marine
plankton population dynamics
and distributions.
Gagosian was appointed di-
rector ofWHOI in 1994, fol-
lowing a career as a marine
geochemist that included chair
of the WHOI Marine Chem-
istry and Geochemistry De-
partment, six years as WHOI
director of research, and two as
a senior associate director.
He joined WHOI in 1972
as an assistant scientist, study-
ing substances produced by ma-
rine organisms and the chemical
transformation of these sub-
stances as they disperse through
the water column to the sea-
floor. His research led to the
discovery that the atmosphere
| plays an important role in trans-
= porting material from the land
| to the open ocean. He is the
5 author or co-author of some
85 scientific papers and several
technical reports.
Luyten was appointed direc-
tor of research in 1994 and ex-
ecutive vice president in 2002.
He previously held a series of
administrative positions, includ-
ing chair of the WHOI Physical
Oceanography Department. He
came to the Institution in 1968
as a summer fellow in geophysi-
cal fluid dynamics and joined
the staff as an assistant scientist
in 1971. His area of research is
the observation and modeling
of ocean currents, including the
general circulation of the North
Atlantic, the Gulf Stream, and
equatorial current systems.
WHOI scientists provide
congressional testimony
Susan Humphris, chair of
the Geology and Geophys-
ics Department, testified May
4 before the House Commit-
tee on Resources, one of several
WHOI scientists to appear this
spring before members of Con-
gress or their staff.
Humphris urged members to
pass a bill establishing a nation-
al ocean exploration program
within the National Oceanic
and Atmospheric Administra-
tion. The bill, sponsored by
Rep. H.James Saxton, R-N.J.,
proposes coordinated efforts by
scientists from a variety of dis-
ciplines to explore little-known
i From left, Michael Moore, Scott
Kraus, and Laurence Madin
briefed congressional committees
on research on endangered North
Atlantic right whales.
areas of the deep sea.
In her testimony, Humphris
said that ocean exploration
should be an imperative tor the
United States in the 21" century.
"The alternative not exploring
the oceans means being satis-
fied with remaining in the dark
about the planet we live on," she
said. "It's the equivalent ot not
sending Lewis and Clark to ex-
plore the Louisiana Purchase."
WHOI biologists Laurence
Madin and Michael Moore,
along with Scott Kraus at the
New England Aquarium, gave
briefings April 6 before the
House Committee on Resourc-
es, the House Committee on
Science, and the Senate Com-
mittee on Commerce, Science,
and Transportation on recent
research on the endangered
North Atlantic right whale.
On May 1, Robert Detrick,
the Institution's vice president
for marine facilities and opera-
tions, briefed members of the
House Appropriations Com-
mittee and the House Com-
mittee on Science about the
Ocean Observatories Initiative
to establish a global, integrated
network of sea-based observing
systems to study the oceans.
On April 3, WHOI Vice
President Jim Luyten joined
panels of scientists from ac
demia and industn
sachusetts who briefed
Reps. Barney Fnu
Delahunt, bol
marine sc and technology
opportuni:
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ALL IN THE FAMILY At the annual WHOI Employee Recognition celebra-
tion in July, employees nominated by their peers received awards to
honor outstanding performance, representation of the WHOI spirit, and
major contributions to the WHOI community. From left, Janet Fredericks
won the Linda Morse-Porteous Award, recognizing an outstanding fe-
male technician; John Lund won the Ryan C. Schrawder Award, given
to an employee who has proved to be a valuable asset to scientific proj-
ects both at sea and ashore; Rick Trask won the Vetlesen Award "for true
selfless dedication of a major portion of him/herself to the entire WHOI
community over a long period of time"; and the Human Resources Of-
fice won the Penzance Award, given to a group, for what one nominator
called
"exceptional work toward the betterment of the WHOI family.
"
Tech conference showcases
vehicles, robots, and gizmos
Technology enthusiasts had a
lot to gawk at during an Ocean
Science and Technology Con-
ference May 24 at Woods Hole
Oceanographic Institution:
kayak-shaped crafts that patrol
ports for homeland security;
anti-terrorism robot lobsters;
and deep-diving vehicles that
can work alone for as long as 72
hours gathering ocean data.
About 150 academics, busi-
ness entrepreneurs, and gov-
ernment officials from New
England attended the confer-
ence, which showcased cut-
ting-edge marine technology
products created by scientists
and engineers atWHOI and
other research institutions in
Massachusetts. The conference
is part of the Institution's rising
effort at more broadly market-
*- About 150 participants from
around New England gathered
for talks by engineers and for
demonstrations of cutting-edge
marine technology during the
Ocean Science and Technology
Conference on May 24 at WHOI.
ing intellectual property related
to vehicles, instruments, prod-
ucts, and techniques developed
byWHOI oceanographers.
"We need to send a signal
that WHOI is open tor busi-
ness in a different way," said
Tim Luyten, who became act-
ing president and director of
WHOI in July.
Tom Austin, a senior engi-
neer in the Oceanographic Sys-
tems Laboratory at WHOI, said
conference participants inquired
about REMUS, a torpedo
shaped, deep-diving vehicle that
carries instruments to monitor
marine environments.
WHOI biologist Scott
Gallager said several environ-
mental consulting and manu-
facturing companies contacted
him during and after the con-
ference to discuss commercial-
ization of an instrument he is
working on that provides early
warning for detecting toxins in
drinking water.
The event, held in the Clark
Laboratory on the Quissett
Campus, was co-produced by
WHOI with the Massachusetts
Technology Transfer Center
and the University of Mas-
sachusetts. Sponsors includ-
ed Raytheon, Ropes & Gray,
Shell, Teledyne Benthos, and
Schlumberger.
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Institution creates new office
to encourage applied research
Woods Hole Oceanographic
Institution has established a
new Office for Applied Ocean-
ography to foster applied re-
search supported by sources
beyond traditional governmen-
tal agencies.
To sustain growth in an era
of flat federal funding for ba-
sic research, "we seek to en-
able scientists and engineers at
WHOI to pursue a wider array
of applied research opportu-
nities by making connections
with industry partners, foreign
governments, and U.S. govern-
ment agencies like the Defense
Advanced Research Projects
Agency, for example, which
fund applied research," said Dan
Stuermer, vice president for ex-
ternal relations at WHOI. "Es-
tablishing this office is a way
to provide an environment and
culture in which scientists and
engineers can take advantage of
those opportunities."
"During the Second World
War, the vast majority of
(WHOI's) work was defense-re-
lated and highly applied from
developing smokescreen meth-
ods to protect landing parties to
anti-submarine warfare tech-
niques," acting WHOI Director
James Luyten said. "We seek to
increase our applied work while
maintaining our critical mass in
basic research. It's not an either-
or proposition; basic and applied
science can coexist."
Several newly forged proj-
ects demonstrate the potential
for such coexistence:
WHOI whale expert Pe-
ter Tyack and his WHOI col-
leagues are partnering with
Rite Solutions, a company that
received a Small Business In-
novative Research grant from
the Department of Defense to
develop a system to minimize
risks to marine mammals dur-
ing naval exercises using sonar.
WHOI geophysicist Jian
Lin was awarded a grant from
the U.S. Agency for Internation-
al Development's Office of For-
eign Disaster Assistance to study
basic earthquake mechanisms
in Algeria and to train Algerian
researchers in an effort to better
assess earthquake risks and miti-
gate disasters in highly populat-
ed northern Algerian cities.
Nautilus Minerals Inc. pro-
vided $950,000 to support a
research cruise led by WHOI
geophysicist Maurice Tivey in
July that will use the WHOI-
operated underwater vehicles
Jason andABE to explore the
biogeochemical phenomena that
created gold-rich seafloor de-
posits 30 miles off Papua New
Guinea, to which the company
has mining rights.
Teledyne Benthos, an under-
water technology firm, plans to
build and market an expendable
bathyphotometer to measure bio-
luminescence in the sea, which
was developed and patented by
WHOI engineer Paul Fucile.
The Office for Applied
Oceanography also helps scien-
tists and engineers protect intel-
lectual property, submit patents,
and manage technology transfer
and licensing.
Scientists to explore lessons
from the Indian Ocean tsunami
Woods Hole Oceanographic
Institution will convene two
special conferences this fall to
learn from the devastating 2004
tsunami that left more than
220,000 people dead or missing.
In July, another tsunami in the
same region killed several hun-
dred people and displaced more
than 50,000 others.
The first conference, open
to the public, offers a forum to
hear firsthand accounts from
United Nations hazard manage-
ment officials and scientists who
responded to the tsunami and to
discuss ways to improve the ef-
fectiveness of warning systems,
emergency response, and haz-
ard management planning for
coastal natural disasters. Distin-
guished speakers include:
Dr. Stephen J. Atwood,
UNICEF Regional Advisor and
recent director of Tsunami Op-
erations in Indonesia
Dr. Philip R. Berke, award-
winning author on environmen-
tal planning; consultant for local
and state governments, and in-
ternational organizations; and
director of graduate studies in
city and regional planning at the
University of North Carolina.
Dr. Laura Kong, director of
the International Tsunami In-
formation Center in Honolulu,
Hawaii, who administers the
activities of the 26-nation In-
ternational Coordination Group
for the Tsunami Warning Sys-
tem in the Pacific.
The event is sponsored by a
generous gift by Elisabeth W.
and Henry A. Morssjr., which
established a fund atWHOI to
support public colloquia on is-
sues of global importance that
are connected to human society
and involve some aspect of sci-
ence. It will take place 1 to 5
p.m., Oct. 31, 2006, in the Lillie
Auditorium at Marine Biologi-
cal Laboratory in Woods Hole.
The second conference, on
Oct. 30 and 31, brings together
international geophysicists, ge-
ologists, physical oceanogra-
phers, engineers, and
graduate students to
accelerate research to
improve understand-
ing of fundamental
tsunami mecha-
nisms in an effort
to more accurately
forecast tsunamis
and mitigate their
impacts on coast-
al regions. The
researchers will
share knowl-
edge on how
tsunamis are
triggered by
underwater
earthquakes,
submarine
landslides,
volcanic
eruptions,
and other geological
processes, and how tsunamis
run up and dissipate in coastal
areas.
The conference is sponsored
by the WHOI Deep Ocean
Exploration Institute. It will
be held in Clark Laborator
at WHOI. For furthei
mation, visit wv. w
MorssColloquium.
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New hybrid deep-sea vehicle
is christened Nereus
Nereus a mythical god
with a fish tail and a man's tor-
so was chosen in a nationwide
contest as the name of a first-of-
its-kind, deep-sea vehicle under
construction at Woods Hole
Oceanographic Institution.
The vehicle, known until
now as the Hybrid Remotely
Operated Vehicle, or HROV,
will be able to work in the
deepest parts of the ocean, from
21,500 to 36,000 feet (6,500
to 11,000 meters), a depth cur-
rently unreachable for routine
ocean research.
Over six to eight hours on the
ship's deck, engineers and ship's
crew will be able to transform
Nereus from a free-swimming
vehicle to a vehicle tethered by
a hair-thin, 25-mile- (40-kilo-
meter-) long cable to a surface
ship. In its autonomous mode,
the vehicle will be able to fly
on pre-programmed missions
over broad swaths of the ocean
to map the seafloor, to gather
remote data, or to search for
scientific targets such as hy-
drothermal vents. The tethered
mode gives scientists the ability
to send instant commands to a
mechanical arm, used tor gath-
ering samples of undersea rocks
and organisms.
"Nereus best fits the image of
our vehicle, which engineers can
change shape at sea for various
science needs," said Andy Bow-
en, the WHOI engineer over-
seeing the vehicle's design and
development.
Bowen was among a panel of
judges from WHOI and engi-
neering consulting groups that
i /Vereus'two modes: autonomous
(top) and tethered (bottom).
selected Nereus from 22 entries
in a contest open to junior high,
high school, and college stu-
dents who participated in the
California-based Marine Ad-
vanced Technology Education
(MATE) Center. The program
provides students in the United
States and Canada opportuni-
ties to explore marine-related
careers through internship pro-
grams, and it sponsors an an-
nual remotely operated vehicle
design competition.
Nereus (rhymes with "seri-
ous") was announced the win-
ner during a June 25 awards
banquet at the NASA Johnson
i Space Center in Houston. The
winning team, from Monterey
= High School in California, will
visit Woods Hole in September
to see the vehicle it named.
Amy E. Neva/a
Funding to develop Nereus
comesfrom the National Science
Foundation, the Office ofNaval
Research, and the National Oceanic
andAtmospheric Administration.
i Celebrating but definitely
not in an easy chair WHOI
biologist Rudolf Scheltema
spent his 80th birthday in
Antarctica in May. He was co-
leader of a research cruise
studying how ocean currents
and eddies carry larval
animals from South America to
Antarctica. The research group
held a picnic in his honor on
frigid Deception Island and
toasted Rudi with a glass of
well-iced champagne.
Engineers honored for
pioneering undersea robot
The engineering team at
Woods Hole Oceanographic
Institution that built the first
fiber-optically cabled deep-sea
robot Jason Jr. received the Glo-
balSpec Great Moments in En-
gineering award July 14 on the
20th anniversary ofJason Jr.'s
historic first video survey of the
RMS Titanic.
The award is presented an-
nually "to a person or group
whose singular moment of en-
gineering ingenuity produced a
significant turning point for the
application of technology and
resulting benefits to people, sci-
ence, or industry."
Shortly after Titanic was
found on the seafloor in the
winter of 1985, the Navy com-
missioned a return mission to
test a small remotely operated
vehicle (ROV) with high-reso-
lution camera systems that could
operate in deep water in tight
spaces and amid tangled wreck-
age too dangerous tor humans
to investigate in larger submers-
ibles. The Deep Submergence
Laboratory (DSL) at WHOI
had six months to design and
build the prototype ROV.
"I didn't see my daughter
for months, and for some of the
team, they didn't see their fami-
lies much at all during those
days," said project leader Chris
von Alt Jr., who accepted the
award with tour other members
of the DSL team at a ceremony
at the New England Aquarium
in Boston. Several other original
team members couldn't make
the ceremony because they were
operatingJason Jr.'s larger prog-
eny, Jason, on a research cruise
off Papua New Guinea.
"The team proved that deep-
sea exploration could be achieved
through unmanned robotics,"
said Jeff Killeen, chairman of
GlobalSpec, who presented the
award.
"Today's ROVs strength-
en naval security in wartime,
have opened up vast new com-
mercial opportunities for the
private sector, and have provided
the research tools to significantly
enhance our understanding of
the ocean's ecosystems."
A From left, Jim Newman, Martin Bowen, Chris von Alt, Earl Young, and
Emile Bergeron receive the Great Moments in Engineering award.
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New class helps grad students
communicate with the public
There's a lot of giggling
outside Room 304 at Mul-
len-Hall Elementary School in
Falmouth, Mass., as 24 fourth-
graders wait for their classroom
to be transformed into the deep
ocean. They have been warned
not to peek inside, where two
graduate students at Woods
Hole Oceanographic Institu-
tion (WHOI) are pulling down
shades, turning oft lights, and
taping red fish to the walls.
"No talking," teacher Karen
Dawson reminds a whisper-
ing pair as they enter the room.
"Remember, you deep-sea divers
are supposed to have snorkels in
your mouths."
Dawson is supervising, but
the class is temporarily in the
hands of Regina Campbell-
Malone and Benjamin Wal-
ther, who teamed up to teach a
lesson on how brightly colored
fish exploit colors and lack of
light to hide from predators in
the depths. Twice a month this
spring, students in the MIT/
WHOI graduate program
in oceanography have taught
fourth-graders as part of a new
course called
"Communicating
Ocean Sciences."
WHOI biologist Lauren
Mullineaux decided to offer
the course for the first time
this winter, recognizing gradu-
ate students' interest in becom-
ing more effective at conveying
their oceanographic world.
She learned about a curricu-
lum developed by the Califor-
nia Center for Ocean Sciences
Education Excellence (COSEE)
and participated in a three-day
workshop on it at the University
of California, Berkeley.
Young scientists seem more
interested than scientists from
her generation in making their
research understandable to non-
scientific audiences, Mullineaux
said, and research grant propos-
als today often require scientists
to explain how the research may
benefit society. She was also im-
pressed to learn that many of
the students taking her class,
independently and without pay,
have sought out opportunities to
teach science to young people.
For example, biology student
Ari Shapiro and chemistry stu-
dent Desiree Plata found grants
to volunteer-teach in a third-
grade classroom in Cambridge,
Mass. Kate Buckman, a biology
student, started a reef ecology
course in Belize before begin-
ning her graduate program.
Anna Michel, a student in the
WHOI Applied Ocean Physics
and Engineering Department,
teaches seminars nationwide
that encourage young women to
consider science and engineer-
ing careers. (See page 17.)
As Abby Fusaro, one biology
student taking the course, put it:
Scientists should be able to con-
vey a clear picture ofwhat we are
doing and why it is important.
Beyond readings, written as-
signments, and classroom dis-
cussions, the MIT/WHOI
graduate students learned how to
prepare lesson plans, including
many they designed themselves.
Buckman and Kristen Whalen
crafted a homemade, kid-sized
fish costume for an anatomy les-
son, complete with white teeth,
sparkly silver fins, and an inflat-
i Tinted glasses and a darkened
classroom helped fourth-graders
(above) experience how bright
red fish exploit colors and lack
of light to avoid predators in the
ocean depths in a class taught
by MIT/WHOI graduate students
Benjamin Walther and Regina
Campbell-Malone (below, left).
The two took a new class offered
by WHOI biologist Lauren
Mullineaux (bottom right) on
communicating science.
ed pink balloon for a swim blad-
der. Fusaro and Stacy DeRuiter
had their fourth-graders ex-
amine dead, frozen fish, then
discussed habitats and natural
history. Campbell-Malone and
Walther brought live zebra fish
and had the students observe
fish behavior.
Mullineaux hopes to offer
the class again in 2008 and in-
volve other faculty at WHOI in
the instruction.
Am\ E. Neva/a
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A CONVERSATION WITH...
Ken Buesseler
A journey to the ocean's twilight zone
You are about to enter another dimension. You're moving into
a place of both shadow and substance, of things and ideas; a jour-
ney into a wondrous part of the ocean, whose boundaries are 300
to 1,600 feet (100 to 500 meters) below the surface, where sunlight
fades into blackness. There's no signpost up ahead, but your next
stop is the ocean's twilight zone.
No, your host won't be Rod Serling; he's unavailable, and be-
sides, he was no expert on how the oceans work. For this twilight
zone, your best guide is Ken Buesseler, chair of the Marine Chem-
istry and Geochemistry Department at Woods Hole Oceanographic
Institution. As chief scientist of a research project called VER-
TIGO, he mustered an arsenal of instruments and a small army of
ocean scientists from many institutions and disciplines biologists,
chemists, physical oceanographers, and engineers and led research
cruises in 2004 and 2005 to explore this dim and dimly understood
region of our planet.
What's lurking in the ocean's twilight zone?
We now know that many organisms call the twilight zone their
home. But how do they make a living in this zone where no plants
grow? What do they eat? What adaptations do deep-living zoo-
plankton and fish have that enable them to survive, reproduce, and
flourish in the twilight zone?
There's a thin skin on the top of the ocean, where light pen-
etrates, photosynthesis happens, and phytoplankton grow. Some
zooplankton and fish in the twilight zone migrate daily to surface
waters to feed on phytoplankton, or they eat each other. But many
critters in the deep ocean or on the bottom eat detritus dead phy-
toplankton or the feces of zooplankton, for example that sinks
from the surface like manna from heaven. It's called "marine snow."
It's the food supply for the deep sea.
Fascinating for biologists, but what's in it for a chemist?
We think of the surface waters as a factory that produces sinking
particles, and these particles are the primary means by which mate-
rials carbon, for example get from the surface to the deep ocean.
There are really only two ways for materials to get there either by
currents that sink to the deep ocean (but that is a slow process and
occurs only in a few regions, near the Arctic and Antarctic), or by
hitching a ride on sinking particles.
Personally, I've never been that interested in theoretical chem-
istry per se reaction rates, kinetics, thermodynamics but in
measuring and tracking how chemicals move through the oceans,
because that can tell you how the Earth, the ocean, and atmo-
sphere work.
My specialty is measuring radioactive isotopes in the ocean, es-
pecially thorium-234, which is "sticky" it tends to bind to sinking
particles and marine snow. It also acts as a clock because every 24.1
days, half of it decays. So by tracking thorium-234, we can measure
how fast elements particularly carbon move through the ocean
and how they are transformed by phytoplankton and zooplankton
along the way.
Is that how your lab got the nickname "Cafe Thorium"?
Once we discovered the usefulness of thorium-234, the problem
was that with existing methods, we could only get maybe 10 to 20
measurements on a research cruise. I figured out better ways to col-
lect and process samples for thorium analyses and get hundreds of
measurements quickly.
That jumped things into high gear, and we began collecting
samples on many cruises all over the world. We streamlined the
process so that one person could physically do the job if he or she
could stay awake enough hours.
Caffeine was helpful to make that happen. So along with our
scientific gear, we packed our own espresso makers and good cof-
fee, so that at 3 a.m. when we were still working, we did not have to
drink hideous coffee that had been on the stove since dinnertime.
We designed a logo for the lab with a thorium atom, a coffee cup,
and a bolt of lightning. We had a little fun and made T-shirts with
our logo. And we kept that tradition going for. . .well, we still do.
Why have you focused on the twilight zone?
It's a critical link between the surface and the deep ocean. We're
interested in what happens there, what sinks into it and what actu-
ally sinks out of it. It's an important component of the oceanic food
web, and we're also interested in how much carbon is exported into
the deep ocean. The oceans are taking up about half the carbon di-
oxide released due to fossil fuel burning. Carbon dioxide is a green-
house gas, so the more that is in the atmosphere, the warmer our
climate becomes. Unless the carbon that gets into the ocean goes
all the way down into the deep ocean and is stored there, the oceans
will have little impact on the atmosphere and the climate.
How does that work?
Most of the surface ocean is like your lawn. When it grows, pho-
tosynthesis transforms carbon dioxide from the atmosphere into
organic carbon in the grass. When you mow your lawn or winter
comes along, that organic carbon decomposes back into inorganic
carbon and carbon dioxide. It recycles itself efficiently and produces
no net changes in carbon dioxide levels in the atmosphere.
Most of the marine plants, or phytoplankton, that grow and die
in the surface ocean just decay away, and carbon is exchanged back
and forth with the atmosphere. But any carbon in these plants that
sinks through the twilight zone will end up in a large reservoir of
deep-ocean waters that don't come back to the surface and can store
carbon dioxide for hundreds of years. That has an impact on cli-
mate. And it all goes back to how particles are cycled and transport-
ed through the twilight zone.
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That explains VERTIGO, which in the oceanographic tradition of
constructing tortured acronyms stands for VERtical Transport
In the Global Ocean. Tell us about it.
The key questions we are studying are: Where do marine par-
ticles come from? How do marine plants and animals create and
destroy particles in the ocean? How quickly do particles sink? How
deep do they go? Are all marine particles the same? Will climate
changes change the forecast for marine "snow"?
As on land, the ocean has different ecosystems with very differ-
ent conditions and fauna. So we mounted research cruises to places
with different characteristics: off Hawaii in 2004 and in the north-
west Pacific near Japan in 2005.
The scientists onboard included chemists, biologists, and physi-
cal oceanographers, because the phenomena we're studying require
all of those to understand it. And we brought out all sorts of equip-
ment, including specially designed instruments, to make measure-
ments of what's happening in the twilight zone. On the last cruise,
we had something going in or out of the water almost every hour,
24 hours a day, over 20 days.
What kinds of instruments?
We had instruments called CTD rosettes that collect water sam-
ples and use sensors to measure water temperature, salinity, oxygen
and the number and types of marine particles. We deployed our
unique new vehicles, the Neutrally Buoyant Sediment Traps, which
work like no other trap to accurately capture sinking material in
the ocean. (See page 13.) We used other traps trom drifting surface
buoys, including one that separates particles by sinking speed and
one that collects microscopic-scale photos of sinking marine par-
ticles. We collected plankton samples with specialized net systems ,
and chemical samples with large-volume filtration systems.
We've collected an amazing amount of new and unique data and
samples. So, more than from any prior study, we should get a three- |
dimensional view of changes over time in the twilight zone.
Any preliminary findings?
We found a big contrast in the two locations we studied. Off j
Hawaii, we found that 80 percent of the particle carbon was re-
cycled back into dissolved carbon by the time it sank to 500 meters,
and so most of the carbon didn't make it down to the deep ocean. In J
the northwest Pacific, 50 percent actually made it down, which is
much higher than previous estimates.
We really don't know yet why there is this big difference. It may
have to do with lower temperatures in the northern Pacific, which
slow down the bacterial breakdown of organic carbon. It may also
have to do with the northwest Pacific having lots of silica, which
plankton incorporate into their shells. Those shells are heavier than
those made by critters off Hawaii, so they may sink faster. Off Ha-
waii, particles may sink more slowly, giving bacteria more time to
break them down. This was something that we scientists kind of
knew in our hearts, but we hadn't been able to measure it well before.
One of the amazing things about ocean sciences is that we are
still in a
"discovery" stage. Every time we drop our water bottles in
and look at the data, there are still surprises.
Lonn\ LifipHtt
To stay awake analyzing as many thorium isotope
samples as possible, Ken Buesseler and colleagues
brought espresso makers and good coffee out to sea,
earning his laboratory the nickname "Cafe Thorium."
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HAIL THE CONQUERING ALVIN PILOT Most people receive flowers or a card to honor a special achievement. Seagoing folks have their own,
sometimes quirky, rituals. When Mark Spear stepped out of the submersible Alvin on May 9 as Woods Hole Oceanographic Institution's newest
deep-sea pilot, fellow pilot Gavin Eppard greeted him with a traditional baptism on the deck of the research vessel Atlantis. "While my clothes
were pretty much ruined, the mud did wash off after just a few showers," Spear wrote in an e-mail from the ship. "Actually, I think I was lucky be-
cause in the past, kitchen garbage has been used, and that smell lasts for days." Spear's first solo dive as pilot came, after years of training, during
an expedition in the Gulf of Mexico. Spear, an Iowa native and mechanical engineer, is the 36th person to complete pilot training in the 42-year
history of the submersible. (Photo by Jeremy Potter, NOAA Office of Ocean Exploration)
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